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(54) Multicarrier modulator demodulator, with arrangements for reducing peak power 



(57) A frequency division multiplexed signal gener- 
ating apparatus includes a distributor separating digital 
information signals into plural groups. Plural operation 
circuits convert the plural groups of the digital informa- 
tion signals into plural frequency division multiplexed 
signals, respectively. Plural peak detecting circuits 
detect peak powers of the plural frequency division mul- 
tiplexed signals, respectively. Detection is made as to 
whether or not the detected peak powers are lower than 



a threshold power. In cases where at least one of the 
detected peak powers is equal to or higher than the 
threshold power, at least one of polarities of the plural 
frequency division multiplexed signals is controlled in a 
direction of canceling the peak power being equal to or 
higher than the given power. An adding circuit combines 
the plural frequency division multiplexed signals into a 
final frequency division multiplexed signal. 
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Description 

BACKGROU ND OF THE INVFMTinM 



This invention relates to an apparatus for generat- 
ing a frequency division multiplexed signal such as an 
orthogonal frequency division multiplexed signal. This 
invention also relates to a decoding apparatus for a fre- 
quency division multiplexed signal. 

Some of systems for transmitting digital information 
signals such as digital video signals in limited frequency 
bands employ orthogonal frequency division multiplex- 
ing (OFDM). Examples of digital information signals 
handled by such OFDM-based transmitting systems are 
multi-value modulation signals or 256-QAM (quadrature 
amplitude modulation) signals. In general, OFDM- 
based transmission is good in suppressing multipath 
effects and jamming signal effects. Further, the OFDM- 
based transmission has a good efficiency of frequency 
use. 

Orthogonal frequency division multiplexing (OFDM) 
employ multiple carriers which are orthogonal with 
respect to each other. The multiple carriers are modu- 
lated in accordance with independent digital information 
pieces to be transmitted, respectively A resultant 
OFDM signal has a form as a random signal. The 
"orthogonal" multiple carriers mean that the spectrums 
of carriers neighboring one carrier are null at the fre- 
quency of the latter carrier. 

Data transmission based on OFDM is executed 
symbol by symbol. Each OFDM transmission symbol 
interval is composed of a guard interval and an effective 
symbol interval. The guard interval precedes the effec- 
tive symbol interval. The guard interval is used for 
reducing multipath effects. The effective symbol interval 
is used for transmitting information (data). A part of 
information transmitted during the effective symbol 
interval is also transmitted during the guard interval. 

A receiver side detects amplitude and phase modu- 
lation components of a signal transmitted for every sym- 
bol interval, and recovers an information value from the 
detected amplitude and phase modulation components. 
For every symbol, a receiver side discards a signal 
transmitted during a guard interval and uses only a sig- 
nal transmitted during an effective symbol interval. The 
signal transmitted during the effective symbol interval is 
decoded into original data (original information). 

In data transmission based on OFDM, a relatively 
narrow frequency band suffices. In addition, a transmit- 
ted signal is hardly subjected to a transmission distor- 
tion. 

Generally, an OFDM signal is generated by an 
inverse fast Fourier transform circuit (an IFFT circuit). In 
the case where a data sequence has a length N equal 
to 2 , the IFFT circuit divides discrete Fourier transform 
(DFT) of a size N into DFTs of a size N/2, and executes 
butterfly operations on a multiplexed basis. When an 
order number is V, a digital value to be transmitted is 
fed to real-part and imaginary-part circuit terminals cor- 
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responding to V so that a signal for transmitting the 
digital value is generated. Inverse DFT using N complex 
numbers is implemented during a time interval T, and 
thereby an OFDM signal is generated. Points of the 
s inverse DFT correspond to multiple carriers respec- 
tively. 

The information-containing multiple carriers gener- 
ated by the IFFT circuit are equivalent to the results of 
modulation of carriers in accordance with information 
10 pieces to be transmitted respectively. Since the OFDM 
signal is a time division multiplexed combination of the 
information-containing carriers, the OFDM signal has a 
form as a random signal. 

The instantaneous electric power of such an OFDM 
15 signal has a chance of peaking to a great value. In the 
case of an OFDM signal using 256 information-contain- 
ing carriers having equal electric powers, the instanta- 
neous electric power of the OFDM signal is maximized 
to 65,536 (256 2 ) times the electric power of one infor- 
20 mation-containing carrier when peak amplitudes of the 
256 information-containing carriers occur at a same 
moment. In the case where the electric power of one 
information-containing carrier is 1 mW, the possible 
instantaneous peak electric power of the OFDM signal 
25 is about 65 W although the mean electric power thereof 
is about 256 mW. 

Accordingly, a prior-art OFDM signal generating 
and transmitting apparatus uses an RF power amplifier 
which is capable of generating an RF signal having an 
30 electric power much greater than a mean electric power 
of a handled OFDM signal. For example, in the case 
where the electric power of one of 256 information-con- 
taining carriers is 1 mW, the RF power amplifier is 
designed to generate an RF signal having an electric 
35 power up to 2.5 W~5 W. In other words, the RF power 
amplifier can generate a great-power RF signal without 
being saturated. Generally, a great-power RF amplifier 
tends to be expensive and large in size. 



40 SUMMARY OF THE INVPMTIOM 



It is a first object of this invention to provide an 
improved apparatus for generating a frequency division 
multiplexed signal. 
45 It is a second object of this invention to provide an 
improved decoding apparatus for a frequency division 
multiplexed signal. 

A first aspect of this invention provides a frequency 
division multiplexed signal generating apparatus com- 
50 prising a distributor separating digital information sig- 
nals into plural groups; plural operation circuits 
converting the plural groups of the digital information 
signals into plural frequency division multiplexed sig- 
nals, respectively; plural peak detecting circuits detect- 
55 ing peak powers of the plural frequency division 
multiplexed signals, respectively; polarity control means 
for detecting whether or not the detected peak powers 
are lower than a threshold power, and for, in cases 
where at least one of the detected peak powers is equal 
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to or higher than the threshold power, controlling at least 
one of polarities of the plural frequency division multi- 
plexed signals in a direction of canceling the peak 
power being equal to or higher than the given power; 
and an adding circuit combining the plural frequency 5 
division multiplexed signals into a final frequency divi- 
sion multiplexed signal. 

A second aspect of this invention is based on the 
first aspect thereof, and provides a frequency division 
multiplexed signal generating apparatus wherein the 10 
plural operation circuits comprise means for subjecting 
the plural groups of the digital information signals to 
inverse fast Fourier transform to generate the plural fre- 
quency division multiplexed signals, and the final fre- 
quency division multiplexed signal is an orthogonal 15 
frequency division multiplexed signal. 

A third aspect of this invention provides a frequency 
division multiplexed signal generating apparatus com- 
prising a distributor separating digital information sig- 
nals into plural groups; plural operation circuits 20 
converting the plural groups of the digital information 
signals into plural frequency division multiplexed sig- 
nals, respectively; plural peak detecting circuits detect- 
ing peak powers and peak-power time positions of the 
plural frequency division multiplexed signals, respec- 25 
tively, the peak detecting circuits outputting signals rep- 
resenting the detected peak powers and the detected 
peak-power time positions; polarity control means for 
detecting whether or not the detected peak powers are 
lower than a given power, and for, in cases where at 30 
least one of the detected peak powers is equal to or 
higher than the given power, controlling at least one of 
polarities of the plural frequency division multiplexed 
signals in response to the output signals of the peak 
detecting circuits in a direction of canceling the peak 35 
power being equal to or higher than the given power; 
and an adding circuit combining the plural frequency 
division multiplexed signals into a final frequency divi- 
sion multiplexed signal. 

A fourth aspect of this invention is based on the 40 
third aspect thereof, and provides a frequency division 
multiplexed signal generating apparatus wherein the 
plural operation circuits comprise means for subjecting 
the plural groups of the digital information signals to 
inverse fast Fourier transform to generate the plural fre- 45 
quency division multiplexed signals, and the final fre- 
quency division multiplexed signal is an orthogonal 
frequency division multiplexed signal. 

A fifth aspect of this invention is based on the first 
aspect thereof, and provides a frequency division multi- 50 
plexed signal generating apparatus further comprising 
means for generating information of the controlling by 
the polarity control means, and means for converting 
the information into a polarity-control-information signal 
having a frequency within a frequency band of the plural 55 
frequency division multiplexed signals, the adding cir- 
cuit combining the plural frequency division multiplexed 
signals and the polarity-control-information signal into 
the final frequency division multiplexed signal. 



A sixth aspect of this invention is based on the third 
aspect thereof, and provides a frequency division multi- 
plexed signal generating apparatus further comprising 
means for generating information of the controlling by 
the polarity control means, and means for converting 
the information into a polarrty-control-information signal 
having a frequency within a frequency band of the plural 
frequency division multiplexed signals, the adding cir- 
cuit combining the plural frequency division multiplexed 
signals and the polarrty-control-information signal into 
the final frequency division multiplexed signal. 

A seventh aspect of this invention provides a fre- 
quency division multiplexed signal generating appara- 
tus comprising a first operation circuit converting plural 
groups of digital information signals into plural groups of 
frequency division multiplexed signals, respectively; plu- 
ral peak detecting circuits detecting peak powers and 
peak-power time positions of the groups of the fre- 
quency division multiplexed signals, respectively, the 
peak detecting circuits outputting signals representing 
the detected peak powers and the detected peak-power 
time positions; polarity control means for detecting 
whether or not the detected peak powers are lower than 
a given power, for, in cases where at least one of the 
detected peak powers is equal to or higher than the 
given power, controlling at least one of polarities of the 
frequency division multiplexed signals in response to 
the output signals of the peak detecting circuits in a 
direction of canceling the peak power being equal to or 
higher than the given power, and for generating informa- 
tion of said controlling; a second operation circuit con- 
verting the information generated by the polarity control 
means into a polarity-control-information signal having 
a frequency within a frequency band of the frequency 
division multiplexed signals; and an adding circuit com- 
bining the frequency division multiplexed signals and 
the polarity-control-information signal. 

An eighth aspect of this invention is based on the 
seventh aspect thereof, and provides a frequency divi- 
sion multiplexed signal generating apparatus wherein 
the first operation circuit sets a carrier hole in the fre- 
quency band of the frequency division multiplexed sig- 
nals, and the second operation circuit comprises means 
for generating a carrier at a frequency position corre- 
sponding to the carrier hole and means for modulating 
the carrier into the polarity-control-information signal in 
accordance with the information generated by the polar- 
ity control means. 

A ninth aspect of this invention is based on the 
eighth aspect thereof, and provides a frequency division 
multiplexed signal generating apparatus wherein the 
carrier generated by the second operation circuit is syn- 
chronous with the frequency division multiplexed sig- 
nals outputted from the first operation circuit, and the 
polarity-control-information signal is outputted from the 
second operation circuit at a timing same as a timing of 
outputting of the frequency division multiplexed signals 
from the first operation circuit. 
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A tenth aspect of this invention is based on the sev- 
enth aspect thereof, and provides a frequency division 
multiplexed signal generating apparatus wherein the 
first operation circuit subjects the groups of the digital 
information signals to discrete Fourier transform to gen- 
erate the frequency division multiplexed signals for a 
symbol interval, and the second operation circuit sub- 
jects the information generated by the polarity control 
means to discrete Fourier transform to generate the 
polarity-control-information signal for a symbol interval 
same as said symbol interval. 

An eleventh aspect of this invention provides a 
decoding apparatus for a frequency division multiplexed 
signal containing main information and sub information, 
the sub information including information of polarity con- 
trol, the apparatus comprising an operation circuit sub- 
jecting a frequency division multiplexed signal to Fourier 
transform to convert the frequency division multiplexed 
signal into a set of first decoding-resultant signals repre- 
senting main-information pieces and at least one sec- 
ond decoding-resultant signal representing information 
of polarity control; and a polarity correction circuit con- 
trolling at least one of polarities of the first decoding- 
resultant signals in response to the polarity-control 
information represented by the second decoding-result- 
ant signal. 

A twelfth aspect of this invention is based on the 
eleventh aspect thereof, and provides a decoding appa- 
ratus wherein the polarity correction circuit comprises a 
memory having a conversion table providing a relation 
between polarity-control resultant signals and the polar- 
ity-control information, and means for controlling at 
least one of polarities of the first decoding-resultant sig- 
nals in response to the polarity-control information by 
referring to the conversion table. 

A thirteenth aspect of this invention provides an 
apparatus comprising first means for subjecting infor- 
mation pieces to inverse fast Fourier transform to con- 
vert the information pieces to respective first 
conversion-resultant signals; second means for predict- 
ing a power of an assumed frequency division multi- 
plexed signal from the first conversion-resultant signals, 
the assumed frequency division multiplexed signal orig- 
inating from the first conversion -resultant signals; third 
means for controlling at least one of polarities of the first 
conversion-resultant signals in response to the power 
predicted by the second means to convert the first con- 
version-resultant signals into second conversion-result- 
ant signals; and fourth means for generating an actual 
frequency division multiplexed signal in response to the 
second conversion -resultant signals. 

A fourteenth aspect of this invention is based on the 
thirteenth aspect thereof, and provides a apparatus fur- 
ther comprising fifth means for generating a signal rep- 
resenting information of said controlling by the third 
means. 

A fifteenth aspect of this invention provides an 
apparatus for a frequency division multiplexed signal 
containing main information and sub information, the 



sub information including information of polarity control, 
the apparatus comprising first means for subjecting a 
frequency division multiplexed signal to Fourier trans- 
form to convert the frequency division multiplexed signal 
5 into a set of first decoding-resultant signals representing 
main-information pieces and at least one second 
decoding-resultant signal representing information of 
polarity control; and second means tor controlling at 
least one of polarities of the first decoding-resultant sig- 
10 nals in response to the polarity-control information rep- 
resented by the second decoding-resultant signal. 

BRIEF DESCRIPTION OF THF DRAWING 

'5 Fig. 1 is a block diagram of a signal transmitting 
apparatus according to a first embodiment of this inven- 
tion. 

Fig. 2 is a diagram of the frequency spectrum of an 
OFDM signal generated in the apparatus of Fig. 1. 
20 Fig. 3 is a block diagram of a signal receiving appa- 
ratus according to the first embodiment of this invention. 
Fig. 4 is a block diagram of an IFFT device in Fig. 1 . 
Fig. 5 is a signal flow diagram of fast Fourier trans- 
form (FFT). 

25 Fig. 6 is a diagram of a circuit portion correspond- 
ing to a final stage of the signal flow diagram in Fig. 5. 

Fig. 7 is a block diagram of a signal transmitting 
apparatus according to a second embodiment of this 
invention. 

30 Fig. 8 is a diagram of the frequency spectrum of an 
OFDM signal generated in the apparatus of Fig. 7. 

Fig. 9 is a diagram of a circuit portion in a third 
embodiment of this invention. 

Fig. 10 is a block diagram of an OFDM signal gen- 
35 erating apparatus according to a fourth embodiment of 
this invention. 

Fig. 1 1 is a block diagram of an OFDM signal 
decoding apparatus according to a fifth embodiment of 
this invention. 

to Fig. 12 is a block diagram of an OFDM signal 
decoding apparatus according to a sixth embodiment of 
this invention. 



45 



D ESCRIPTION OF THE PREFERRED EMROni. 
MENTS 

First Emhnriimgnf 



Fig. 1 shows a signal transmitting apparatus using 
so orthogonal frequency division multiplexing (OFDM) 
according to a first embodiment of this invention. Digital 
data transmitted by the signal transmitting apparatus of 
Fig. 1 is equal to. for example, a compressed video sig- 
nal and a compressed audio signal. 
55 OFDM uses multiple carriers having an orthogonal 
relationship with each other. In OFDM data transmis- 
sion, independent digital information pieces are trans- 
mitted by using multiple carriers respectively. Since the 
carriers are orthogonal with each other, the levels of the 
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spectrums of carriers neighboring a given carrier are 
nullified at a point corresponding to the frequency of the 
given carrier. 

An IFFT (inverse fast Fourier transform) circuit is 
used to generate a set of multiple orthogonal carriers. A 5 
baseband OFDM signal can be generated by executing 
inverse discrete Fourier transform (inverse DFT) using 
N complex numbers during a time interval T Points of 
the inverse DFT correspond to modulation signal out- 
puts respectively. 10 

Basic specifications of the signal transmitting appa- 
ratus of Fig. 1 are as follows. The central carrier fre- 
quency in an RF bard is equal to 100 MHz. The number 
of carriers for data transmission is equal to 248. The 
modulation is of the 256-QAM OFDM type. The number 15 
of used carriers is equal to 257. The used carriers are 
spaced at equal frequency intervals. The transmission 
band width is equal to 100 kHz. The used band width is 
equal to 99 kHz. The transmission data rate is equal to 
about 750 kbps. The guard interval is equal to 60 usee. 20 

With reference to Fig. 1 , a digital information signal 
in the form of a bit stream is fed via an input terminal 1 
to an input circuit 2. The digital information signal results 
from, for example, compressing an audio information 
signal or a video information signal according to an 25 
MPEG encoding process. The input circuit 2 adds an 
error correction code to the digital information signal in 
response to a clock signal fed from a clock signal gener- 
ating circuit 3. 

The input circuit 2 subjects the resultant digital 30 
information signal to serial-to-parallel (S/P) conversion 
in response to the clock signal fed from the clock signal 
generating circuit 3. During the S/P conversion, the dig- 
ital information signal is divided into blocks correspond- 
ing to modulating signals for 256 QAM. The input circuit 35 
2 outputs the modulating signals. According to 256 
QAM, 16 different levels are defined in an amplitude 
direction while 16 different levels are defined in an angle 
direction. In addition, 256 different digital states are 
assigned to the 256 levels (16 levels multiplied by 16 40 
levels) respectively. 

As previously described, 248 carriers among 257 
carriers are used for transmitting data (information). The 
9 remaining carriers are used for transmitting calforation 
signals and other helper signals (other auxiliary sig- 45 
nals). 

The input circuit 2 outputs 248-byte digital data for 
every 1 -symbol interval. In more detail, the input circuit 
2 outputs a first set of 248 parallel digital signals each 
having 4 bits, and a second set of 248 parallel digital so 
signals each having 4 bits for every 1 -symbol interval. 
The first set and the second set correspond to a real 
part and an imaginary part (an I signal and a Q signal) 
respectively. 

The 248 output signals from the input circuit 2 in 55 
each of the real part and the imaginary part are fed to 
an IFFT (inverse fast Fourier transform) device 4. The 
I FFT device 4 operates in response to a clock signal fed 
from the clock signal generating circuit 3. The IFFT 




device 4 is of the type capable of processing N parallel 
signals, where N denotes a natural number equal to 256 
which is defined as a period. The IFFT device 4 has a 
set of 256 input terminals for the real part and also a set 
of 256 input terminals for the imaginary part. The 248 
output signals from the input circuit 2 in the real part are 
applied to 248 IFFTdevice input terminals among the 
256 input terminals for the real part, respectively. The 
248 output signals from the input circuit 2 in the imagi- 
nary part are applied to 248 IFFT-device input terminals 
among the 256 input terminals for the imaginary part, 
respectively. Regarding each of the real part and the 
imaginary part, a major portion of the operation of the 
IFFT device 4 corresponds to subjecting 248 carriers to 
256 QAM responsive to the 248 output signals from the 
input circuit 2 respectively. Regarding the 248 output 
signals from the input circuit 2, the IFFT device 4 gener- 
ates the 248 modulation-resultant signals in each of the 
real part and the imaginary part. The IFFT device 4 
combines the 248 modulation- resultant signals and 
other modulation-resultant signals of the real part into a 
multiplexing-resultant signal corresponding to the real 
part. The IFFT device 4 outputs the multiplexing- result- 
ant signal corresponding to the real part. Also, the IFFT 
device 4 combines the 248 modulation-resultant signals 
and other modulation-resultant signals of the imaginary 
part into a multiplexing-resultant signal corresponding 
to the imaginary part. The IFFT device 4 outputs the 
multiplexing-resultant signal corresponding to the imag- 
inary part. 

For example, information represented by a pair of 
signals applied to the 0-th input terminals of the IFFT 
device 4 for the real part and the imaginary part is 
assigned to a central-frequency carrier. For example, 
information represented by a pair of signals applied to 
the 127-th input terminals of the IFFT device 4 for the 
real part and the imaginary part is assigned to edge-fre- 
quency carriers corresponding to a Nyquist frequency. 

The output signals of the IFFT device 4 are fed to a 
guard interval setting circuit 5. The guard interval setting 
circuit 5 provides a guard interval of a given length for 
every symbol of the output signals of the IFFT device 4. 
The guard intervals are designed to reduce multipath 
distortions caused by a transmission line. The guard 
interval setting circuit 5 operates in response to a clock 
signal fed from the clock signal generating circuit 3. 

Output signals of the guard interval setting circuit 5 
are fed to a D/A converter 6, being converted into corre- 
sponding analog signals thereby. The D/A converter 6 
operates in response to a clock signal fed from the clock 
signal generating circuit 3. The D/A converter 6 outputs 
the resultant analog signals to an LPF (a low pass filter) 
6A. Only components of the output signals of the D/A 
converter 6 in a desired frequency band are passed 
through the LPF 6A. 

Output signals of the LPF 6A which correspond to 
the real part and the imaginary part are fed to a quadra- 
ture modulator 7 as baseband signals. A local oscillator 
8 outputs a given-frequency signal, for example, a 10.7- 
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MHz signal, to the quadrature modulator 7. The fre- 
quency of the output signal of the local oscillator 8 cor- 
responds to a given intermediate frequency (IF). The 
local oscillator 8 also outputs the given-frequency signal 
to a 90° phase shifter 9. The device 9 shifts the phase of 
the given-frequency signal by 90°, and outputs the 
phase-shift resultant signal to the quadrature modulator 
7. In this way, a pair of given-frequency signals having a 
quadrature relation are fed to the quadrature modulator 
7. In the quadrature modulator 7, the quadrature given- 
frequency signals are modulated in accordance with the 
baseband signals outputted from the LPF 6A so that the 
baseband signals are converted into an IF OFDM (inter- 
mediate frequency OFDM) signal. The IF OFDM signal 
has multiple IF orthogonal carriers which are modulated 
as indications of the output baseband signals of the LPF 
6. 

The IF OFDM signal is outputted from the quadra- 
ture modulator 7 to a frequency converter 10. The IF 
OFDM signal is changed by the frequency converter 10 
into an RF OFDM (radio frequency OFDM) signal in a 
desired frequency band for transmission. The central 
frequency of the RF OFDM signal is equal to 100 MHz. 
The RF OFDM signal has multiple RF orthogonal carri- 
ers which are modulated as indications of the output 
baseband signals of the LPF 6A respectively. The fre- 
quency converter 10 includes a local oscillator and a 
mixer. In the frequency converter 10, the IF OFDM sig- 
nal and the output signal of the local oscillator are mixed 
by the mixer so that the IF OFDM signal is converted 
into the RF OFDM signal. 

The RF OFDM signal is fed to a transmitting section 
11 from the frequency converter 10. The transmitting 
section 1 1 includes a linear power amplifier and a trans- 
mission antenna. The RF OFDM signal is fed via the lin- 
ear power amplifier to the transmission antenna, being 
radiated by the transmission antenna into a transmis- 
sion line (the air) 12. 

The output signal of the local oscillator 8 is also fed 
to the clock signal generating circuit 3. The circuit 3 gen- 
erates clock signals in response to the output signal of 
the local oscillator 8 by frequency dividing processes, 
and outputs the generated clock signals to the input cir- 
cuit 2, the IFFT device 4, the guard interval setting cir- 
cuit 5, and the D/A converter 6 as operation timing 
control signals respectively 

Fig. 2 shows an example of the frequency spectrum 
of the IF OFDM signal outputted from the quadrature 
modulator 7. Carries of the IF OFDM signal are spaced 
at equal frequency intervals which correspond to a sym- 
bol frequency. With reference to Fig. 2, a carrier having 
a frequency equal to a central IF frequency (that is, 10.7 
MHz) F0 is referred to as a 0-th carrier. Carriers extend- 
ing in a frequency upper side (a right-hand side) of the 
0-th carrier are sequentially referred to as a 1 -st carrier, 
a 2-nd carrier, a 3-rd carrier, • • • , and a 128-th carrier 
respectively. Carriers extending in a frequency lower 
side (a left-hand side) of the 0-th carrier are sequentially 
referred to as a —1 -st carrier, a —2-nd carrier, a —3-rd 



carrier, • • • , and a —128-th carrier respectively. In this 
way, the different order numbers are sequentially given 
to the carriers respectively 

With reference to Fig. 2, the central frequency F0 of 
s the IF OFDM signal is equal to 10.7 MHz. The IF OFDM 
signal has 257 carriers in a frequency band of 99 kHz. 
Each of 248 carriers among the 257 carriers undergoes 
256 QAM responsive to an 8-bit information piece. The 
9 remaining carriers including the central-frequency car- 
10 rier are used for transmitting calibration signals and 
other helper signals (other auxiliary signals). 

With reference to Fig. 2, carriers in an upper side of 
the central-frequency carrier relate to signals applied to 
the first real-part and imaginary-part input terminals to 
is the 127-th real-part and imaginary-part input terminals 
of the IFFT device 4 respectively. Carriers in a lower 
side of the central -frequency carrier relate to signals 
applied to the 127-th real-part and imaginary-part input 
terminals to the 255-th real-part and imaginary-part 
20 input terminals of the IFFT device 4 respectively. The 
128-th carrier and the —128-th carrier correspond to 
the Nyquist frequency. A pair of signals applied to the 
127-th input terminals of the IFFT device 4 for the real 
part and the imaginary part is assigned to the 128-th 
25 carrier and the —128-th carrier. Thus, a pair of signals 
applied to the 127-th input terminals of the IFFT device 
4 for the real part and the imaginary part is transmitted 
by both the 128-th carrier and the —128-th carrier. Spe- 
cifically, fixed-voltage signals or fixed-logic-state signals 
30 are applied to the 127-th input terminals of the IFFT 
device 4 for the real part and the imaginary part to gen- 
erate a pilot signal which is transmitted by the 128-th 
carrier and the —1 28-th carrier. 

A description will now be given of a symbol interval 
35 "ta" related to the guard interval setting circuit 5. In the 
case where the used frequency band is equal to 99 kHz 
and the period N is given as N=256, an effective symbol 
frequency "fs" and an effective symbol period Is" are 
expressed as follows. 

40 

fS = 99,000/256 = 387 Hz 

ts = i/fs = 2,586 usee 

45 In the case where the guard interval "gi" for reducing 
multipath effects is set to 60 usee, the symbol interval 
"ta" and the symbol frequency "fa" are given as follows. 



50 



ta = ts + gi = 2586 + 60 = 2646 usee 
fa = 1/ta = 378 Hz 



In this embodiment, during every 1 -symbol period. 
248 parallel digital data pieces each having 8 bits (4 bits 
55 plus 4 bits) are transmitted together with 248 carriers. 
Accordingly, the transmission data rate corresponds to 
248 bytes per symbol interval. Thus, the transmission 
data rate per second is approximately equal to 750 kilo- 
bits. 
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Fig. 3 shows a signal receiving apparatus using 
orthogonal frequency division multiplexing (OFDM) 
according to the first embodiment of this invention. The 
signal receiving apparatus of Fig. 3 is able to accept an 
RF OFDM signal transmitted by the signal transmitting 5 
apparatus of Fig. 1 . 

With reference to Fig. 3, a receiving section 13 
includes a reception antenna which catches an RF 
OFDM signal transmitted from, for example, the signal 
transmitting apparatus of Fig. 1 via the transmission line 
(the air) 12. The central frequency of the RF OFDM sig- 
nal is equal to 100 MHz. The RF OFDM signal has mul- 
tiple RF orthogonal carriers which are modulated in 
accordance with transmitted baseband signals respec- 
tively The receiving section 13 includes an RF amplifier 
which enlarges the caught RF OFDM signal. 

An output RF OFDM signal from the RF amplifier in 
the receiving section 1 3 is fed to a frequency converter 
1 4, being converted into a corresponding IF OFDM sig- 
nal thereby. The central frequency of the IF OFDM sig- 
nal is equal to 10.7 MHz. The IF OFDM signal has 
multiple IF orthogonal carriers which are modulated in 
accordance with transmitted baseband signals respec- 
tively The frequency converter 14 includes a local oscil- 
lator and a mixer. In the frequency converter 14, the RF 
OFDM signal and the output signal of the local oscillator 
are mixed by the mixer so that the RF OFDM signal is 
converted into the IF OFDM signal. 

The IF OFDM signal is fed from the frequency con- 
verter 14 to an IF amplifier 15, being enlarged to a 
desired level thereby. The output IF OFDM signal from 
the IF amplifier 1 5 is fed to a quadrature demodulator 1 6 
and a carrier detecting circuit 17. 

The carrier detecting circuit 17 includes a PLL 
(phase locked loop) circuit having a combination of a 
phase comparator (a multiplier), an LPF, a VCO (volt- 
age-controlled oscillator), and a 1/4 frequency divider. 
The PLL circuit recovers the carriers in the IF OFDM 
signal. An output signal of the carrier detecting circuit 
17, which corresponds to the recovered carriers, is fed 
to a local oscillator 18. The local oscillator 18 is 
designed to extract the central -frequency carrier among 
the carriers in the IF OFDM signal with a negligible 
phase error. The local oscillator 18 outputs a signal cor- 
responding to the extracted central -frequency carrier. 
Thus, the local oscillator 18 reproduces a local oscillator 
signal used in a transmitter side. 

In this embodiment, the IF OFDM signal (or the RF 
OFDM signal) is based on the information-transmitting 
carriers with frequencies which are spaced at intervals 
of 378 Hz equal to the symbol frequency. The frequen- 
cies of the information carriers neighboring the central 
carrier are spaced from the frequency of the central car- 
rier by only 378 Hz. Accordingly, it is preferable that the 
extraction of the central carrier is executed by a high- 
selectivity circuit. 

The local oscillator 18 uses a high-selectivity circuit. 
Specifically, the local oscillator 18 includes a PLL circuit 
for extracting the central carrier from the carriers output- 



ted by the carrier detecting circuit 17. A voltage-control- 
led oscillator (VCO) in the PLL circuit in the local 
oscillator 18 uses a voltage-controlled crystal oscillator 
(VCXO) which can oscillate at a frequency variable in a 
given small range (for example, ±200 Hz) around the 
frequency of the central carrier. In addition, an LPF in 
the PLL circuit has a cut-off frequency adequately low 
with respect to 378 Hz. 

The output signal of the local oscillator 18 is fed to 
the quadrature demodulator 16. The output signal of the 
local oscillator 18 is also fed to a 90° phase shifter 19. 
The device 19 shifts the phase of the output signal of 
the local oscillator 18 by 90°. The phase-shift resultant 
signal is outputted from the device 1 9 to the quadrature 
demodulator 16. In this way, a pair of reproduced local 
oscillator signals having a quadrature relation are fed to 
the quadrature demodulator 16. In response to the 
quadrature signals, the IF OFDM signal is demodulated 
by the quadrature demodulator 16 into baseband sig- 
nals corresponding to a real part and an imaginary part 
(an I signal and a Q signal) respectively. 

Output signals from the quadrature demodulator 16 
are fed to an LPF 21. Only components of the output 
signals of the quadrature demodulator 1 6, which occupy 
a desired frequency band, are passed through the LPF 
21 . Output signals of the LPF 21 which have analog 
forms are fed to an A/D converter 22. The output signals 
of the LPF 21 are subjected to sampling processes and 
are converted by the A/D converter 22 into correspond- 
ing digital signals. The A/D converter 22 operates in 
response to a sample clock signal fed from a sample 
clock signal generating circuit 20. 

One of the output signals of the quadrature demod- 
ulator 16 is fed to the sample dock signal generating cir- 
cuit 20. The output signal of the local oscillator 18 is fed 
to the sample dock signal generating circuit 20. The 
sample clock signal generating circuit 20 indudes a PLL 
drcuit phase-locked with respect to a pilot signal in the 
output signal of the quadrature demodulator 16. It 
should be noted that the pilot signal is transmitted by 
specified earners as a continuous signal during every 
symbol interval containing a guard interval. The sample 
dock signal generating circuit 20 derives pilot signal fre- 
quency information, and reproduces the pilot signal. 

In a transmitter side, the frequency of the pilot sig- 
nal is set to correspond to a given ratio between inte- 
gers with respect to the frequency of the sample clock 
signal. The sample clock signal generating circuit 20 
includes a frequency multiplier operating on the repro- 
duced pilot signal at a multiplying factor corresponding 
to the above-indicated frequency ratio. A sample clock 
signal (a dock sync signal) is recovered through the fre- 
quency multiplication. 

The output signals of the A/D converter 22 are fed 
to a guard interval processing drcuit 25. The guard 
interval processing circuit 25 extracts time-portions of 
the output signals of the A/D converter 22 which occupy 
every effective symbol interval. The guard interval 
processing circuit 25 operates in response to a clock 
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signal fed from a clock signal generating circuit 24. Out- 
put signals of the guard interval processing circuit 25 
are fed to an FFT QAM (fast Fourier transform, quadra- 
ture amplitude modulation) decoding circuit 26. 

The FFT QAM decoding circuit 26 subjects the out- 
put signals of the guard interval processing circuit 25 to 
processing which corresponds to complex fast Fourier 
transform. The FFT QAM decoding circuit 26 operates 
in response to a clock signal fed from the clock signal 
generating circuit 24. According to the complex fast 
Fourier transform processing, the FFT QAM decoding 
circuit 26 derives the levels of baseband carriers in the 
real-part signal and the imaginary-part signal outputted 
from the guard interval processing circuit 25. In the FFT 
QAM decoding circuit 26, the derived real-part levels 
and the derived imaginary-part levels are compared 
with reference demodulation output levels so that the 
states of transmitted digital signals are determined. In 
this way, the transmitted digital information is recovered. 

Output signals of the FFT QAM decoding circuit 26 
which correspond to the recovered digital signals are 
fed to an output circuit 27. The output signals of the FFT 
QAM decoding circuit 26 are subjected by the output cir- 
cuit 27 to parallel-to-serial (P/S) conversion, being rear- 
ranged and combined into a serial-form digital signal. 
The output circuit 27 operates in response to a clock 
signal fed from the clock signal generating circuit 24. 
The serial-form digital signal is transmitted from the out- 
put circuit 27 to an external device (not shown) via an 
output terminal 28. 

One of the output signals of the quadrature demod- 
ulator 16 is fed to a symbol sync signal generating cir- 
cuit 23. The sample clock signal is fed from the sample 
clock signal generating circuit 20 to the symbol sync sig- 
nal generating circuit 23. The symbol sync signal gener- 
ating circuit 23 detects conditions of the phase of the 
pilot signal in response to the sample clock signal, 
thereby reproducing a symbol sync signal. 

The clock signal generating circuit 24 receives the 
sample clock signal from the sample clock signal gener- 
ating circuit 20. The clock signal generating circuit 24 
receives the symbol sync signal from the symbol sync 
signal generating circuit 23. The clock signal generating 
circuit 24 produces clock signals in response to the out- 
put signals of the sample clock signal generating circuit 
20 and the symbol sync signal generating circuit 23. 
The clock signal generating circuit 24 feeds the pro- 
duced clock signals to the guard interval processing cir- 
cuit 25, the FFT QAM decoding circuit 26, and the 
output circuit 27 as operation timing control signals. 

As shown in Fig. 4, the IFFT device 4 in the signal 
transmitting apparatus includes a distributor 32, IFFT 
circuits 33, 34. 35. and 36, peak detectors 37, 38, 39, 
and 40. a data polarity deciding circuit 41 , polarity con- 
trol circuits 42. 43, 44, and 45. and an adding circuit 46. 
The IFFT device 4 has an input terminal 31 following the 
input circuit 2 (see Fig. 1). The input terminal 31 is con- 
nected to an input side of the distributor 32. The distrib- 
utor 32 has four output sides followed by the IFFT 



circuits 33, 34, 35, and 36 respectively. The output ter- 
minals of the IFFT circuits 33, 34, 35, and 36 are con- 
nected to the input terminals of the peak detectors 37, 
38, 39. and 40 respectively. Also, the output terminals of 
s the IFFT circuits 33. 34, 35, and 36 are connected to the 
input terminals of the polarity control circuits 42, 43, 44, 
and 45 respectively. The output terminals of the peak 
detectors 37, 38. 39, and 40 are connected to the data 
polarity deciding circuit 41. The polarity control circuits 
10 42. 43, 44, and 45 have control terminals connected to 
the data polarity deciding circuit 41 . The polarity control 
circuits 42, 43, 44, and 45 are followed by the adding cir- 
cuit 46. The adding circuit 46 is followed by an output 
terminal 47 leading to the guard interval setting circuit 5 
15 (see Fig. 1). 

As previously described, the input circuit 2 (see Fig. 
1 ) outputs 248-byte digital data for every 1 -symbol inter- 
val. In more detail, the input circuit 2 outputs a first set 
of 248 parallel digital signals each having 4 bits, and a 
20 second set of 248 parallel digital signals each having 4 
bits for every 1 -symbol interval. The first set and the 
second set correspond to a real part and an imaginary 
part (an I signal and a Q signal) respectively. For every 
1 -symbol interval, 256-byte digital data including the 
25 248-byte digital data outputted from the input circuit 2 is 
fed to the distributor 32 via the input terminal 31. For 
every 1 -symbol interval, the distributor 32 divides the 
256-byte digital data into four 64-byte digital signals. 
Each of the four 64-byte digital signals is conposed of a 
so real-part set of 64 parallel digital signals each having 4 
bits, and an imaginary-part set of 64 parallel digital sig- 
nals each having 4 bits. The distributor 32 outputs the 
four 64-byte digital signals to the IFFT circuits 33, 34, 
35, and 36 respectively. 
35 Each of the IFFT circuits 33, 34, 35, and 36 is of the 
type capable of processing N parallel signals, where N 
denotes a natural number equal to 256 which is defined 
as a period. Each of the IFFT circuits 33, 34, 35, and 36 
has a set of 256 input terminals for the real part and also 
40 a set of 256 input terminals for the imaginary part. 
Regarding each of the IFFT circuits 33, 34, 35, and 36. 
the 64 parallel digital signals in the real part are applied 
to 64 IFFT-circuit input terminals among the 256 input 
terminals for the real part, respectively. Similarly, the 64 
45 parallel digital signals in the imaginary part are applied 
to 64 IFFT-circuit input terminals among the 256 input 
terminals for the imaginary part, respectively. The 64 
used input terminals of the IFFT circuit 33 in each of the 
real part and the imaginary part are chosen to corre- 
50 spond to ±4m-th carriers, where "m" denotes natural 
numbers equal to 0, 1, 2, • • • . 31. The 64 used input 
terminals of the IFFT circuit 34 in each of the real part 
and the imaginary part are chosen to correspond to 
(±4m+1)-th carriers. The 64 used input terminals of the 
55 IFFT circuit 35 in each of the real part and the imaginary 
part are chosen to correspond to (+4m+2)-th carriers. 
The 64 used input terminals of the IFFT circuit 36 in 
each of the real part and the imaginary part are chosen 
to correspond to (±4m+3)-th carriers. 
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Thus, the 256 carriers are separated into four 
groups in a comb-like distribution manner Each of the 
four groups has 64 carriers. The IFFT circuits 33, 34, 
35, and 36 relate to the four carrier groups respectively. 

Regarding each of the real part and the imaginary s 
part, the operation of each of the IFFT circuits 33, 34, 
35, and 36 corresponds to subjecting 64 carriers to 256 
QAM responsive to the 64 parallel digital signals 
respectively Regarding the 64 parallel digital signals, 
each of the IFFT circuits 33, 34, 35, and 36 generates 10 
the 64 modulation-resultant signals in each of the real 
part and tne imaginary part Each of the IFFT circuits 
33, 34. 35. and 36 combines the 64 modulation-result- 
ant signals of trie real part into a multiplexing-resultant 
signal corresponding to the real part. Each of the IFFT 15 
circuits 33. 34 . 35. and 36 outputs the multiplexing- 
resultant signal corresponding to the real part. Also, 
each of the irrT arcuits 33, 34, 35, and 36 combines 
the 64 modulation resultant signals of the imaginary 
part into a multiplexing-resultant signal corresponding 20 
to the imaginary part. Each of the IFFT circuits 33, 34, 
35, and 36 outputs the multiplexing-resultant signal cor- 
responding to the imaginary part. 

The pf**k detector 37 receives the real-part output 
signal and the imaginary-part output signal of the IFFT 25 
circuit 33 The device 37 detects an instantaneous peak 
power of the resultant of the real-part output signal and 
the imaginar y part output signal of the IFFT circuit 33. 
In more de:a«i the device 37 detects an instantaneous 
peak vortage -cor responding value of the resultant of the 30 
real -part output signal and the imaginary-part output 
signal of the IFFT circuit 33 as an indication of the 
instantaneous peak power thereof. It should be noted 
that a peak voUage-corresponding value of the resultant 
of the real-part output signal and the imaginary-part out- 35 
put signal cf the IFFT circuit 33 relates to a peak power 
of a corresponding RF signal radiated into the air. Also, 
the device 37 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal ol the if- F T circuit 33 which occurs at the moment 40 
of the occurrence of the detected peak power. Further, 
the device 3 7 detects the moment or time position of the 
occur rence of the detected peak power with respect to 
the related irn process. The peak detector 37 feeds 
the data poiart, deciding circuit 41 with information of 45 
the detected pea* power, the detected polarity, and the 
detected t*-»c oo^tion of the peak power. 

The po ococior 38 receives the real-part output 
signal and tr»* *rwgmary-part output signal of the IFFT 
circuit 34 Tne d^<e 38 detects an instantaneous peak so 
power o* t*>e * *~u^:ant of the real-part output signal and 
the imagirwr , twt output signal of the IFFT circuit 34. 
In more r*.p*a < nevice 38 detects an instantaneous 
peak vottage corresponding value of the resultant of the 
real -par: outix/i u^nai and the imaginary-part output 55 
signal c* the if ft circuit 34 as an indication of the 
instantaneous peak power thereof. It should be noted 
that a peak vonage<orresponding value of the resultant 
of the real -part output signal and the imaginary-part out- 



put signal of the IFFT circuit 34 relates to a peak power 
of a corresponding RF signal radiated into the air. Also, 
the device 38 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the IFFT circuit 34 which occurs at the moment 
of the occurrence of the detected peak power. Further, 
the device 38 detects the moment or time position of the 
occurrence of the detected peak power with respect to 
the related IFFT process. The peak detector 38 feeds 
the data polarity deciding circuit 41 with information of 
the detected peak power, the detected polarity, and the 
detected time position of the peak power. 

The peak detector 39 receives the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 35. The device 39 detects an instantaneous peak 
power of the resultant of the real-part output signal and 
the imaginary-part output signal of the IFFT circuit 35. 
In more detail, the device 39 detects an instantaneous 
peak voltage-corresponding value of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the IFFT circuit 35 as an indication of the 
instantaneous peak power thereof. It should be noted 
that a peak voltage-corresponding value of the resultant 
of the real-part output signal and the imaginary-part out- 
put signal of the IFFT circuit 35 relates to a peak power 
of a corresponding RF signal radiated into the air.. Also, 
the device 39 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the IFFT circuit 35 which occurs at the moment 
of the occurrence of the detected peak power. Further, 
the device 39 detects the moment or time position of the 
occurrence of the detected peak power with respect to 
the related IFFT process. The peak detector 39 feeds 
the data polarity deciding circuit 41 with information of 
the detected peak power, the detected polarity, and the 
detected time position of the peak power. 

The peak detector 40 receives the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 36. The device 40 detects an instantaneous peak 
power of the resultant of the real-part output signal and 
the imaginary-part output signal of the IFFT circuit 36. 
In more detail, the device 40 detects an instantaneous 
peak voltage-corresponding value of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the IFFT circuit 36 as an indication of the 
instantaneous peak power thereof. It should be noted 
that a peak voltage-corresponding value of the resultant 
of the real-part output signal and the imaginary-part out- 
put signal of the IFFT circuit 36 relates to a peak power 
of a corresponding RF signal radiated into the air. Also, 
the device 40 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the IFFT circuit 36 which occurs at the moment 
of the occurrence of the detected peak power. Further, 
the device 40 detects the moment or time position of the 
occurrence of the detected peak power with respect to 
the related IFFT process. The peak detector 40 feeds 
the data polarity deciding circuit 41 with information of 
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the detected peak power, the detected polarity, and the 
detected time position of the peak power. 

The polarity control circuit 42 receives the real-part 
output signal and the imaginary-part output signal of the 
IFFT circuit 33. The polarity control circuit 42 selectively 
changes or inverts the polarities of the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 33 in response to a control signal fed from the 
data polarity deciding circuit 41 . The polarity control cir- 
cuit 42 outputs the resultant real-part signal and the 
resultant imaginary-part signal to the adding circuit 46. 

The polarity control circuit 43 receives the real-part 
output signal and the imaginary-part output signal of the 
IFFT circuit 34. The polarity control circuit 43 selectively 
changes or inverts the polarities of the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 34 in response to a control signal fed from the 
data polarity deciding circuit 41. The polarity control cir- 
cuit 43 outputs the resultant real-part signal and the 
resultant imaginary-part signal to the adding circuit 46. 

The polarity control circuit 44 receives the real-part 
output signal and the imaginary-part output signal of the 
IFFT circuit 35. The polarity control circuit 44 selectively 
changes or inverts the polarities of the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 35 in response to a control signal fed from the 
data polarity deciding circuit 41. The polarity control cir- 
cuit 44 outputs the resultant real-part signal and the 
resultant imaginary-part signal to the adding circuit 46. 

The polarity control circuit 45 receives the real-part 
output signal and the imaginary-part output signal of the 
IFFT circuit 36. The polarity control circuit 45 selectively 
changes or inverts the polarities of the real-part output 
signal and the imaginary-part output signal of the IFFT 
circuit 36 in response to a control signal fed from the 
data polarity deciding circuit 41 . The polarity control cir- 
cuit 45 outputs the resultant real-part signal and the 
resultant imaginary-part signal to the adding circuit 46. 

The adding circuit 46 combines the real-part output 
signals of the polarity control circuits 42, 43, 44, and 45 
into a multiplexing-resultant signal corresponding to the 
real part. The adding circuit 46 combines the imaginary- 
part output signals of the polarity control circuits 42, 43, 
44, and 45 into a multiplexing-resultant signal corre- 
sponding to the imaginary part. The multiplexing-result- 
ant signals corresponding to the real part and the 
imaginary part are transmitted from the adding circuit 46 
to the guard interval setting circuit 5 via the output termi- 
nal 47. 

The data polarity deciding circuit 41 estimates or 
predicts the instantaneous peak power of the OFDM 
signal (the IF OFDM signal or the RF OFDM signal) in 
response to the information of the detected peak pow- 
ers, the detected polarities, and the detected time posi- 
tions of the peak powers which is fed from the peak 
detectors 37, 38, 39, and 40. The data polarity deciding 
circuit 41 compares the estimated peak power with a 
predetermined reference power. The data polarity 
deciding circuit 41 generates the control signals for the 



polarity control circuits 42, 43, 44, and 45 in response to 
the result of the comparison between the estimated 
peak power and the reference power. Also, the data 
polarity deciding circuit 41 determines the states of the 
5 control signals for the polarity control circuits 42, 43, 44, 
and 45 in response to the information of the detected 
polarities which is fed from the peak detectors 37, 38, 
39, and 40. The data polarity deciding circuit 41 outputs 
the generated control signals to the polarity control cir- 
w cuits 42, 43, 44, and 45 respectively. 

The control signals outputted from the data polarity 
deciding circuit 41 to the polarity control circuits 42, 43, 
44, and 45 are designed to enable the following proc- 
esses. In the case where the estimated peak power is 
is lower than the reference power, the polarity control cir- 
cuits 42, 43, 44, and 45 do not change the polarities of 
the real-part output signals and the imaginary-part out- 
put signals of the IFFT circuits 33, 34, 35, and 36. 
Accordingly, in this case, the real-part output signals 
20 and the imaginary-part output signals of the IFFT cir- 
cuits 33, 34, 35, and 36 pass through the polarity control 
circuits 42, 43, 44, and 45 without undergoing any polar- 
ity changes. In the case where the estimated peak 
power is equal to or higher than the reference power, 
25 one, two, or three of the polarity control circuits 42, 43, 
44, and 45 change (invert) the polarities of the real-part 
output signals and the imaginary-part output signals of 
the related IFFT circuits while the other polarity control 
circuit or circuits do not change the polarities of the real- 
30 part output signals and the imaginary-part output sig- 
nals of the related IFFT circuits. Accordingly, in this 
case, the real-part output signals and the imaginary- 
part output signals of one, two, or three of the IFFT cir- 
cuits 33, 34, 35, and 36 pass through the related polar- 
35 ity control circuits with undergoing polarity changes 
(polarity inversions) while the real-part output signals 
and the imaginary-part output signals of the other IFFT 
circuit or circuits pass through the related polarity con- 
trol circuits without undergoing any polarity changes. 
40 The execution of the polarity changes prevents the 
actual instantaneous peak power of the OFDM signal 
(the IF OFDM signal or the RF OFDM signal) from 
exceeding the reference power. 

For example, in the case where the estimated peak 
45 power is equal to or higher than the reference power, 
detection is made as to which of the real-part output sig- 
nals and the imaginary-part output signals of the IFFT 
circuits 33, 34, 35, and 36 are a predominant cause of 
the estimated peak power (a predominant component of 
so the estimated peak power). One of the polarity control 
circuits 42, 43, 44, and 45, which relates to the predom- 
inant-cause IFFT-circuit output signals, does not 
change the predominant-cause IFFT-circuit output sig- 
nals. The other polarity control circuits change or invert 
55 the polarities of the real-part output signal and the imag- 
inary-part output signal of the related IFFT circuits. 

Information of the polarity changes is transmitted by 
four specified carriers selected out of the 257 carriers. A 
fixed signal corresponding to a voltage of "0" is applied 
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to a pair of a real-part input terminal and an imaginary- 
part input terminal of the IFFT circuit 33 which corre- 
spond to first one of the four specified carriers. The 
application of the fixed signal of "0" to the IFFT circuit 33 
nullifies the first specified carrier in respect of the output 5 
signals of the IFFT circuit 33. The nullification of the first 
specified carrier provides a corresponding carrier hole. 
A fixed signal corresponding to a voltage of "0" is 
applied to a pair of a real-part input terminal and an 
imaginary-part input terminal of the IFFT circuit 34 10 
which correspond to second one of the four specified 
carriers. The application of the fixed signal of "0" to the 
IFFT circuit 34 nullifies the second specified carrier in 
respect of the output signals of the IFFT circuit 34. The 
nullification of the second specified carrier provides a 15 
corresponding carrier hole. A fixed signal corresponding 
to a voltage of "0" is applied to a pair of a real-part input 
terminal and an imaginary-part input terminal of the 
IFFT circuit 35 which correspond to third one of the four 
specified carriers. The application of the fixed signal of 20 
"0" to the IFFT circuit 35 nullifies the third specified car- 
rier in respect of the output signals of the IFFT circuit 
35. The nullification of the third specified carrier pro- 
vides a corresponding carrier hole. A fixed signal corre- 
sponding to a voltage of "CT is applied to a pair of a real- 2 s 
part input terminal and an imaginary-part input terminal 
of the IFFT circuit 36 which correspond to fourth one of 
the four specified carriers. The application of the fixed 
signal of "0" to the IFFT circuit 36 nullifies the fourth 
specified carrier in respect of the output signals of the 30 
IFFT circuit 36. The nullification of the fourth specified 
carrier provides a corresponding carrier hole. In this 
way, components corresponding to the four specified 
carriers are removed from the output signals of the IFFT 
circuits 33, 34, 35, and 36. 35 

As shown in Fig. 4, the IFFT device 4 includes oscil- 
lators 48 for generating and outputting signals corre- 
sponding to the four specified carriers respectively. The 
oscillators 48 have control terminals which are con- 
nected to the data polarity deciding circuit 41. The con- 40 
trol signals for the polarity control circuits 42, 43, 44, 
and 45 are also fed from the data polarity deciding cir- 
cuit 41 to the oscillators 48 corresponding to the first, 
second, third, and fourth specified carriers respectively. 
The oscillators 48 are selectively activated and deacti- 45 
vated in response to the control signals fed from the 
data polarity deciding circuit 41 . The output terminals of 
the oscillators 48 are connected to the quadrature mod- 
ulator 7 (see Fig. 1). When none of the polarity control 
circuits 42, 43, 44, and 45 executes the polarity so 
changes, all the oscillators 48 are deactivated so that 
the oscillators 48 do not output effective signals corre- 
sponding to the four specified carriers. Accordingly, in 
this case, the four specified carriers are absent from the 
OFDM signal (the IF OFDM signal or the RF OFDM sig- ss 
nal). When one of the polarity control circuits 42, 43, 44, 
and 45 executes the polarity changes, the correspond- 
ing oscillator 48 is activated so that the active oscillator 
48 outputs an effective signal corresponding to one of 



the four specified carriers. The effective signal corre- 
sponding to one of the four specified carriers is fed from 
the active oscillator 48 to the quadrature modulator 7 so 
that an effective component corresponding to one of the 
specified carriers is present in the output signal of the 
quadrature modulator 7. Accordingly, in this case, one 
of the four specified carriers is present in the OFDM sig- 
nal (the IF OFDM signal or the RF OFDM signal). Simi- 
larly, when two or three of the polarity control circuits 42, 
43, 44, and 45 executes the polarity changes, corre- 
sponding two or three of the four specified carriers are 
present in the OFDM signal (the IF OFDM signal or the 
RF OFDM signal). 

As understood from the previous description, the 
absence of each of the four specified carriers from the 
OFDM signal represents the unexecution of the related 
polarity changes. The presence of each of the four 
specified carriers in the OFDM signal represents the 
execution of the related polarity changes. The signal 
receiving apparatus detects whether or not each of the 
four specified carriers is present in a received OFDM 
signal. When one, two, or three of the four specified car- 
riers are present in a received OFDM signal, the polarity 
of a corresponding FFT portion or the polarities of cor- 
responding FFT portions of the FFT QAM decoding cir- 
cuit 26 (see Fig. 3) are inverted. Then, the FFT 
processes are executed by the FFT QAM decoding cir- 
cuit 26. 

In the case where a data sequence has a length N 
equal to 2 L , a fast Fourier transform (FFT) circuit divides 
discrete Fourier transform (DFT) of a see N into DFTs 
of a size N/2, and executes butterfly operations on a 
muitiplexed basis. Fig. 5 shows a signal flow diagram of 
the butterfly operations which are executed in the case 
of N=8. In Fig. 5: x[0], x[1], x[2], x[3], x[4J, x[5], x[6], and 
x[7] denote data sequences respectively; W N °, W N \ 
W N 2 , W N 3 , W N 4 , W N 5 , W N 6 , and W N 7 denote rotation 
factors respectively; and X[0], X[1], X[2], X[3], X[4], X[5], 
X[6], and X[7] denote resultant DFT values respectively. 
In Fig. 5: the arrows denote the directions of propaga- 
tion of signals respectively; the characters placed near 
some of the circles denote multiplied values (multipliers) 
respectively; and some of the circles denote the points 
of addition respectively. The FFT processes in Fig. 5 
have three stages of butterfly operations. It should be 
noted that IFFT with N=256 have eight stages of butter- 
fly operations. 

Fig. 6 shows a circuit portion corresponding to a 
final stage of the signal flow diagram in Fig. 5. In Fig. 6, 
data pieces outputted from two segments each corre- 
sponding to N=4 are applied to adding circuits 51 0 , 51 1f 
51 2 . 51 3 , 51 4 . 51 5 . 51 6 , and 51 7 . Also, the data pieces 
are multiplied by rotation factors 52q, 52-,, 52 2 . 52 3 , 52 4 , 
52 5 , 52 6 . and 52 7 (that is. the rotation factors W N °. W N 1 . 
W N 2 . W N 3 . W N 4 , W N 5 , W N 6 , and W N 7 ). The resultants of 
the multiplications are applied to the adding circuits 51 0 , 
51 1t 51 2 , 51 3 , 51 4 , 51 5 , 51 6 , and 51 7 . The data pieces 
and the resultants of the multiplications are added by 
the adcOng circuits 51 0 , 51 1f 51 2 . 51 3 , 51 4 , 51 5 , 51 6 . and 
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51 7 . The adding circuits 51 0 , 51 v 51 2> 51 3 . 51 4> 51 5 , 
51 6 , and 51 7 output signals representing values X[0] 
X[1], X[2], X[3]. X[4J X[5]. X[6], and X[7] respectively! 
The values X[0J. X[tJ. X[2], X[3], X[4], X[5], X[6], and 
X[7] are given by the following equation. 



X[k] = DCT{x[n]} = V x[n]W N 

ruO 



kn 



where k = 0. i . 2. • • • , 7. Provided that the sample val- 
ues of the input signals and the FFT operation results 
represented by the output signals are exchanged, the 
FFT circuit operates as an IFFT circuit. During the I FFT 
process, first sample values result from IFFT of the val- 
ues of even-nuntxfted terms, and second sample val- 
ues result from IFFT of the values of odd-numbered 
terms. Further, the second sample values are multiplied 
by given rotation tactors, and the resultants of the multi- 
plications are added to the first sample values to gener- 
ate final IFFT Ejgnals 

In the IFFT oevtce 4 of Fig. 4, the peak detectors 
37, 38, 39. and 40 may be replaced by power/polarity 
detectors respectively in this case, each of the 
power/polanty detectors derives information of the 
instantaneous cower and information of the instantane- 
ous polarity of the resultant of the real-part output signal 
and the imaginar y pa/t output signal of the related IFFT 
circuit. Each of me power/polarity detectors outputs the 
power information and the polarity information to the 
data polarity deocing circuit 41 . The data polarity decid- 
ing circuit 41 estimates or predicts the instantaneous 
power of the OFDM signal (the IF OFDM signal or the 
RF OFDM signal) in response to the power information 
and the polarrty information fed from the power/polarity 
detectors. The data polarity deciding circuit 41 com- 
pares the estimated power with a predetermined refer- 
ence power. The data polarity deciding circuit 41 
generates the control signals for the polarity control cir- 
cuits 42. 43. 44. and 4b m response to the result of the 
comparison between the estimated power and the refer- 
ence power. The contio* signals for the polarity control 
circuits 42. 43. 44 d rxj 45 are designed so that the 
actual power o? the OrDM signal will not exceed the ref- 
erence power (tne ir or DM signal or the RF OFDM sig- 
nal). 

Second Erro oforn^Ti 

Fig 7 snow-, a second embodiment of this invention 
which is sim.ia- to tr*«> efntxxJiment of Fig. 1 except that 
an IFFT device 4 a r^^es the IFFT device 4 in Fig. 1. 

In the errnnd*rTv>ni of Fig. 7, 248 output signals 
from an input crcuii 2 m each of a real part and an imag- 
inary part are ted to the IFFT device 4A. The IFFT 
device 4A operate, m .esoonse to a clock signal fed 
from a clock signaJ generating circuit 3. The IFFTdevice 
4A is of the type capatxe of processing N parallel sig- 
nals, where N denotes a natural number equal to 512 



which is defined as a period. The IFFTdevice 4A has a 
set of 51 2 input terminals for the real part and also a set 
of 512 input terminals for the imaginary part. In each of 
the real part and the imaginary part, 256 input terminals 
5 among the 51 2 input terminals are used. In each of the 
real part and the imaginary part, the used 256 input ter- 
minals include 248 input terminals assigned to the 248 
output signals from the input circuit 2. Specifically, the 
248 output signals from the input circuit 2 in the real part 
10 are applied to 248 IFFTdevice input terminals among 
the 512 input terminals for the real part, respectively. 
Regarding the real part, the used 256 IFFTdevice input 
terminals are the 0-th input terminal to the 127-th input 
terminals and the 384-th input terminals to the 511-st 
15 input terminals respectively. The 248 output signals 
from the input circuit 2 in the imaginary part are applied 
to 248 IFFT-device input terminals among the 512 input 
terminals for the imaginary part, respectively. Regarding 
the imaginary part, the used 256 IFFT-device input ter- 
se minals are the 0-th input terminal to the 127-th input ter- 
minals and the 384-th input terminals to the 51 1 -st input 
terminals respectively. In respect of each of the real part 
and the imaginary part, a major portion of the operation 
of the IFFT device 4A corresponds to subjecting 248 
25 carriers to 256 QAM responsive to the 248 output sig- 
nals from the input circuit 2 respectively. Regarding the 
248 output signals from the input circuit 2, the IFFT 
device 4A generates the 248 modulation-resultant sig- 
nals in each of the real part and the imaginary part. The 
30 IFFT device 4A combines the 248 modulation-resultant 
signals and other modulation-resultant signals of the 
real part into a multiplexing-resultant signal correspond- 
ing to the real part. The IFFT device 4A outputs the mul- 
tiplexing-resultant signal corresponding to the real part. 
35 Also, the IFFT device 4A combines the 248 modulation- 
resultant signals and other modulation-resultant signals 
of the imaginary part into a multiplexing-resultant signal 
corresponding to the imaginary part. Tne IFFT device 
4A outputs the multiplexing-resultant signal correspond- 
40 ing to the imaginary part. The output signals of the IFFT 
device 4A are fed to a guard interval setting circuit 5. 
Fixed signals representing a logic state of "0" are 
applied to the unused input terminals of the IFFT device 
4A in the real part and the imaginary part. 
45 For example, information represented by a pair of 
signals applied to the 0-th input terminals of the IFFT 
device 4A for the real part and the imaginary part is 
assigned to a central -frequency carrier. For example, 
information represented by signals applied to the 127-th 
so input terminals and the 384-th input terminals of the 
IFFT device 4A for the real part and the imaginary part 
are assigned to edge-frequency carriers corresponding 
to a Nyquist frequency. 

Fig. 8 shows an example of the frequency spectrum 
55 of an IF OFDM signal outputted from a quadrature mod- 
ulator 7. Carries of the IF OFDM signal are spaced at 
equal frequency intervals which correspond to a symbol 
frequency. With reference to Fig. 8, a carrier having a 
frequency equal to a central IF frequency (that is, 10.7 
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MHz) FO is referred to as a 0-th carrier. Carriers extend- 
ing in a frequency upper side (a right-hand side) of the 
0-th carrier are sequentially referred to as a 1-st carrier, 
a 2-nd carrier, a 3-rd carrier, • • ■ , a 128-th carrier, 
• • • f and a 256-th carrier respectively. Carriers extend- 
ing in a frequency lower side (a left-hand side) of the 0- 
th carrier are sequentially referred to as a — 1-st carrier, 
a — 2-nd carrier, a — 3-rd carrier, • • • , a — 128-th car- 
rier, • • • , and — 256-th carrier respectively. In this way, 
the different order numbers are sequentially given to the 
carriers respectively. 

With reference to Fig. 8, the central frequency FO of 
the IF OFDM signal is equal to 10.7 MHz. The IF OFDM 
signal has 257 carriers in a frequency band of 99 kHz. 
Each of 248 carriers among the 257 carriers undergoes 
256 QAM responsive to an 8-bit information piece. The 
9 remaining carriers including the central -frequency car- 
rier are used for transmitting calibration signals and 
other helper signals (other auxiliary signals). 

With reference to Fig. 8, carriers in an upper side of 
the central-frequency carrier relate to signals applied to 
the first real-part and imaginary-part input terminals to 
the 127-th real-part and imaginary-part input terminals 
of the IFFT device 4A respectively. Carriers in a lower 
side of the central-frequency carrier relate to signals 
applied to the 384-th real-part and imaginary-part input 
terminals to the 511-st real-part and imaginary-part 
input terminals of the IFFT device 4A respectively. The 
128-th carrier and the — 128-th carrier correspond to 
the Nyquist frequency. A pair of signals applied to the 

1 27- th input terminals of the IFFT device 4A for the real 
part and the imaginary part is assigned to the 128-th 
carrier. A pair of signals applied to the 384-th input ter- 
minals of the IFFT device 4A for the real part and the 
imaginary part is assigned to the — 128-th carrier. Thus, 
signals applied to the 127-th input terminals and the 
384-th input terminals of the IFFT device 4A for the real 
part and the imaginary part are transmitted by the 128- 
th carrier and the — 128-th carrier. Specifically, fixed- 
voltage signals or fixed-logic-state signals are applied to 
the 1 27-th input terminals and the 384-th input terminals 
of the IFFT device 4A for the real part and the imaginary 
part to generate a pilot signal which is transmitted by the 

128- th carrier and the — 128-th carrier. The frequencies 
of the 128-th carrier and the — 128-th carrier corre- 
spond to the Nyquist frequency multiplied by 1/2. 

Third Embodiment 

Fig. 9 shows a third embodiment of this invention 
which is a modification of the embodiment of Fig. 6. The 
embodiment of Fig. 9 includes adding circuits 51 0 , 51 1f 
51 2 , 51 3 , 51 4 , 51 5 , 51 6 , and 51 7 , multipliers (rotation 
factors) 52 0 , 52 1t 52 2 . 52 3 , 52 4 . 52 5 , 52s, and 52 7 , 
polarity change circuits 56 0 . 56 1# 562. 563. 56 4 , 56 5 , 
56 6 , and 56 7 , and a polarity deciding circuit 55. 

In Fig. 9, sample-value data pieces outputted from 
two segments each corresponding to N=4 are applied to 
first input terminals of the adding circuits 51 0 . 51 1f 51 2 , 



51 3 , 51 4 , 51 5 , 51 6 , and 51 7 . Also, the sample-value data 
pieces are fed to the polarity deciding circuit 55. In addi- 
tion, the sample-value data pieces are multiplied by the 
rotation factors 52 0 , 52 1t 52 2 , 52 3 , 52 4 , 52 5 , 525, and 

5 52 7 . The resultants of the multiplications are fed to the 
polarity deciding circuit 55. Also, the resultants of the 
multiplications are fed to second input terminals of the 
adding circuits 51 0 . 51 1p 51 2 , 51 3 , 51 4 , 51 5, 51 6( and 51 7 
via the polarity change circuits 56 0 , 56 1( 562, 56s, 56 4 , 

10 56 5 , 56e, and 56 7 . Accordingly, the sample-value data 
pieces and the multiplication resultants outputted from 
the polarity change circuits 56 0 , 56^ , 56 2 , 56 3 , 56 4 , 56 5 , 
565, and 56 7 are added by the adding circuits 51 0 , 51 1t 
51 2 , 51 3 , 51 4 , 51 5, 51 5, and 51 7 . The polarity change 

75 circuits 56q, 56 1f 562, 56s, 56 4 , 56 5 56 6 , and 56 7 are 
controlled by the polarity deciding circuit 55. 

The polarity deciding circuit 55 is similar to the 
structure including the peak detectors 37, 38, 39, and 
40 and the data polarity deciding circuit 41 in Fig. 4. The 

20 polarity deciding circuit 55 monitors the sample values 
applied to the adding circuits 51 0 , 51 1p 51 2 , 51 3 , 51 4 , 
51 5, 51 6> and 51 7 . When the polarity deciding circuit 55 
detects a sample value greater than a predetermined 
threshold value, the polarity deciding circuit 55 controls 

25 the polarity change circuit connected to the adding cir- 
cuit to which the greater sample value is applied: The 
control of the polarity change circuit changes the polar- 
ity of the multiplication resultant applied to the adding 
circuit to which the greater sample value is applied, so 

30 that at least part of the greater sample value is can- 
celled by the multiplication resultant. The output signals 
of the adding circuits 51 0 , 51^ 51 2 , 51 3 , 51 4 , 51 5 , 51 6 , 
and 51 7 are combined before being outputted. 



Fig. 10 shows an OFDM signal generating appara- 
tus according to a fourth embodiment of this invention. 
The OFDM signal generating apparatus of Fig. 10 can 
be used as the IFFT device 4 in Fig. 1 or the IFFT device 
4A in Fig. 7. 

The OFDM signal generating apparatus of Fig. 10 
includes IFFT circuits 133 and 134, a sample sync cir- 
cuit 135, a symbol sync circuit 136. peak detectors 137, 
138, 139, and 140, a data polarity deciding circuit 141, 
polarity control circuits 142, 143, 144, and 145, and an 
adding circuit 146. 

The OFDM signal generating apparatus of Fig. 10 
has input terminals 131 and 132 for real-part data and 
imaginary-part data respectively. The input terminals 
131 and 132 are followed by the IFFT circuit 133. The 
IFFT circuit 133 has four output terminals connected to 
the input terminals of the peak detectors 137, 138. 139, 
and 140 respectively. The output terminals of the IFFT 
circuit 133 are also connected to the input terminals of 
the polarity control circuits 142, 143, 144, and 145 
respectively. The output terminals of the peak detectors 
1 37, 1 38, 1 39, and 1 40 are connected to the data polar- 
ity deciding circuit 141. The polarity control circuits 142, 
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143, 144, and 145 have control terminals connected to 
the data polarity deciding circuit 141. The polarity con- 
trol circuits 142, 143, 144, and 145 are followed by the 
adding circuit 146. The adding circuit 146 is followed by 
output terminals 147 and 148 for real-part data and 5 
imaginary-part data respectively. 

The data polarity deciding circuit 141 is connected 
to the input side of the IFFT circuit 134. The output side 
of the IFFT circuit 134 is connected to the adding circuit 
146. The sample sync circuit 135 is connected to the w 
IFFT circuits 133 and 134. The symbol sync circuit 136 
is connected to the IFFT circuits 133 and 134. 

For every 1 -symbol interval, 256-byte input digital 
data in a real-part and an imaginary part is fed to the 
IFFT circuit 133 via the input terminals 131 and 132. is 
The IFFT circuit 133 includes a distributor and four IFFT 
sections. The IFFT circuit 133 operates in response to a 
sample clock signal (a sample sync signal) and a sym- 
bol clock signal (a symbol sync signal) fed from the 
sample sync circuit 1 35 and the symbol sync circuit 1 36. 20 
For every 1 -symbol interval, the distributor in the IFFT 
circuit 133 divides the 256-byte input digital data into 
four 64-byte digital signals. Each of the four 64-byte dig- 
ital signals is composed of a real-part set of 64 parallel 
digital signals each having 4 bits, and an imaginary-part 25 
set of 64 parallel digital signals each having 4 bits. In the 
IFFT circuit 133, the distributor outputs the four 64-byte 
digital signals to the four IFFT sections respectively. 

Each of the IFFT sections in the IFFT circuit 133 is 
of the type capable of processing N parallel signals, 30 
where N denotes a natural number equal to 256 which 
is defined as a period. Each of the IFFT sections has a 
set of 256 input terminals for the real part and also a set 
of 256 input terminals for the imaginary part. Regarding 
each of the IFFT sections, the 64 parallel digital signals 35 
in the real part are applied to 64 IFFT input terminals 
among the 256 input terminals for the real part, respec- 
tively. Similarly, the 64 parallel digital signals in the 
imaginary part are applied to 64 IFFT input terminals 
among the 256 input terminals for the imaginary part, 40 
respectively. The 64 used input terminals of the first 
IFFT section in each of the real part and the imaginary 
part are chosen to correspond to ±4m-th carriers, where 
"m" denotes natural numbers equal to 0, 1 , 2, • • • , 31 . 
The 64 used input terminals of the second IFFT section 45 
in each of the real part and the imaginary part are cho- 
sen to correspond to (±4m+1)-th carriers. The 64 used 
input terminals of the third IFFT section in each of the 
real part and the imaginary part are chosen to corre- 
spond to (+4m+2)-th carriers. The 64 used input termi- so 
nals of the fourth IFFT section in each of the real part 
and the imaginary part are chosen to correspond to 
(±4m+3)-th carriers. 

Thus, the 256 carriers are separated into four 
groups in a comb-like distribution manner. Each of the 55 
four groups has 64 carriers. The four IFFT sections in 
the IFFT circuit 133 relate to the four carrier groups 
respectively. 



Regarding each of the real part and the imaginary 
part, the operation of each of the IFFT sections in the 
IFFT circuit 133 corresponds to subjecting 64 carriers to 
256 QAM responsive to the 64 parallel digital signals 
respectively. Regarding the 64 parallel digital signals, 
each of the IFFT sections generates the 64 modulation- 
resultant signals in each of the real part and the imagi- 
nary part. Each of the IFFT sections combines the 64 
modulation-resultant signals of the real part into a multi- 
plexing-resultant signal corresponding to the real part. 
Each of the IFFT sections outputs the multiplexing- 
resultant signal corresponding to the real part. Also, 
each of the IFFT sections combines the 64 modulation- 
resultant signals of the imaginary part into a multiplex- 
ing-resultant signal corresponding to the imaginary 
part. Each of the IFFT sections outputs the multiplexing- 
resultant signal corresponding to the imaginary part. 

The peak detector 137 receives the real-part output 
signal and the imaginary-part output signal of the first 
IFFT section in the IFFT circuit 133. The device 137 
detects an instantaneous peak power (value or level) of 
the resultant of the real-part output signal and the imag- 
inary-part output signal of the first IFFT section. Also, 
the device 1 37 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the first IFFT section which occurs at the 
moment of the occurrence of the detected peak power. 
Further, the device 137 detects the moment or time 
position of the occurrence of the detected peak power 
with respect to the related IFFT process. The peak 
detector 137 feeds the data polarity deciding circuit 141 
with information of the detected peak power, the 
detected polarity, and the detected time position of the 
peak power. 

The peak detector 138 receives the real-part output 
signal and the imaginary-part output signal of the sec- 
ond IFFT section in the IFFT circuit 133. The device 138 
detects an instantaneous peak power (value or level) of 
the resultant of the real-part output signal and the imag- 
inary-part output signal of the second IFFT section. 
Also, the device 138 detects the polarity of the resultant 
of the real-part output signal and the imaginary-part out- 
put signal of the second IFFT section which occurs at 
the moment of the occurrence of the detected peak 
power. Further, the device 138 detects the moment or 
time position of the occurrence of the detected peak 
power with respect to the related IFFT process. The 
peak detector 138 feeds the data polarity deciding cir- 
cuit 141 with information of the detected peak power, 
the detected polarity, and the detected time position of 
the peak power. 

The peak detector 139 receives the real-part output 
signal and the imaginary-part output signal of the third 
IFFT section in the IFFT circuit 133. The device 139 
detects an instantaneous peak power (value or level) of 
the resultant of the real-part output signal and the imag- 
inary-part output signal of the third IFFT section. Also, 
the device 1 39 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
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signal of the third IFFT section which occurs at the 
moment of the occurrence of the detected peak power. 
Further, the device 139 detects the moment or time 
position of the occurrence of the detected peak power 
with respect to the related IFFT process. The peak 
detector 139 feeds the data polarity deciding circuit 141 
with information of the detected peak power the 
detected polarity, and the detected time position of the 
peak power. 

The peak detector 140 receives the real-part output 
signal and the imaginary-part output signal of the fourth 
IFFT section in the IFFT circuit 133. The device 140 
detects an instantaneous peak power (value or level) of 
the resultant of the real -part output signal and the imag- 
inary-part output signal of the fourth IFFT section. Also, 
the device 1 40 detects the polarity of the resultant of the 
real-part output signal and the imaginary-part output 
signal of the fourth IFFT section which occurs at the 
moment of the occurrence of the detected peak power. 
Further, the device 140 detects the moment or time 
position of the occurrence of the detected peak power 
with respect to the related IFFT process. The peak 
detector 140 feeds the data polarity deciding circuit 141 
with information of the detected peak power, the 
detected polarity, and the detected time position of the 
peak power. 

The polarity control circuit 142 receives the real- 
part output signal and the imaginary-part output signal 
of the first IFFT section in the IFFT circuit 133. The 
polarity control circuit 142 selectively changes or inverts 
the polarities of the real-part output signal and the imag- 
inary-part output signal of the first IFFT section in 
response to a control signal fed from the data polarity 
deciding circuit 141 . The polarity control circuit 142 out- 
puts the resultant real-part signal and the resultant 
imaginary-part signal to the adding circuit 146. 

The polarity control circuit 143 receives the real- 
part output signal and the imaginary-part output signal 
of the second IFFT section in the IFFT circuit 133. The 
polarity control circuit 143 selectively changes or inverts 
the polarities of the real-part output signal and the imag- 
inary-part output signal of the second IFFT section in 
response to a control signal fed from the data polarity 
deciding circuit 141 . The polarity control circuit 143 out- 
puts the resultant real-part signal and the resultant 
imaginary-part signal to the adding circuit 146. 

The polarity control circuit 144 receives the real- 
part output signal and the imaginary-part output signal 
of the third IFFT section in the IFFT circuit 133. The 
polarity control circuit 144 selectively changes or inverts 
the polarities of the real-part output signal and the imag- 
inary-part output signal of the third IFFT section in 
response to a control signal fed from the data polarity 
deciding circuit 141 . The polarity control circuit 144 out- 
puts the resultant real-part signal and the resultant 
imaginary-part signal to the adding circuit 146. 

The polarity control circuit 145 receives the real- 
part output signal and the imaginary-part output signal 
of the fourth IFFT section in the IFFT circuit 133. The 



polarity control circuit 145 selectively changes or inverts 
the polarities of the real-part output signal and the imag- 
inary-part output signal of the fourth IFFT section in 
response to a control signal fed from the data polarity 

5 deciding circuit 141. The polarity control circuit 145 out- 
puts the resultant real-part signal and the resultant 
imaginary-part signal to the adding circuit 146. 

The adding circuit 146 combines the real-part out- 
put signals of the polarity control circuits 142, 143, 144, 

10 and 145 and a real-part output signal of the IFFT circuit 
134 into a multiplexing-resultant signal corresponding to 
the real part. The adding circuit 146 combines the imag- 
inary-part output signals of the polarity control circuits 

142, 143, 144, and 145 and an imaginary-part output 
75 signal of the IFFT circuit 134 into a multiplexing-result- 
ant signal corresponding to the imaginary part. The mul- 
tiplexing-resultant signals corresponding to the real part 
and the imaginary part are transmitted from the adding 
circuit 146 to an external device via the output terminals 

20 147 and 148 respectively. 

A first example of the data polarity deciding circuit 
141 operates as follows. The data polarity deciding cir- 
cuit 141 estimates or predicts the instantaneous peak 
power of an OFDM signal (an IF OFDM signal or an RF 

25 OFDM signal) in response to the information of the 
detected peak powers, the detected polarities, and the 
detected time positions of the peak powers which is fed 
from the peak detectors 137, 138, 139. and 140. The 
data polarity deciding circuit 141 compares the esti- 

30 mated peak power with a predetermined reference 
power. The data polarity deciding circuit 141 generates 
the control signals for the polarity control circuits 142, 

143, 144, and 145 in response to the result of the com- 
parison between the estimated peak power and the ref- 

35 erence power. Also, the data polarity deciding circuit 
141 determines the states of the control signals for the 
polarity control circuits 142, 143, 144, and 145 in 
response to the information of the detected polarities 
which is fed from the peak detectors 1 37, 1 38, 1 39, and 

40 140. The data polarity deciding circuit 141 outputs the 
generated control signals to the polarity control circuits 
142, 143, 144, and 145 respectively. 

The control signals outputted from the first example 
of the data polarity deciding circuit 141 to the polarity 

45 control circuits 142, 143, 144, and 145 are designed to 
enable the following processes. In the case where the 
estimated peak power is lower than the reference 
power, the polarity control circuits 142, 143, 144, and 
145 do not change the polarities of the real-part output 

so signals and the imaginary-part output signals of the 
IFFT sections in the IFFT circuit 133. Accordingly, in this 
case, the real-part output signals and the imaginary- 
part output signals of the IFFT sections pass through 
the polarity control circuits 142, 143. 144, and 145 with- 

55 out undergoing any polarity changes. In the case where 
the estimated peak power is equal to or higher than the 
reference power, one, two, or three of the polarity con- 
trol circuits 142, 143, 144, and 145 change (invert) the 
polarities of the real-part output signals and the imagi- 
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nary-part output signals of the related IFFT sections 
while the other polarity control circuit or circuits do not 
change the polarities of the real-part output signals and 
the imaginary-part output signals of the related IFFT 
sections. Accordingly, in this case, the real-part output 
signals and the imaginary-part output signals of one, 
two, or three of the IFFT sections pass through the 
related polarity control circuits with undergoing polarity 
changes (polarity inversions) while the real-part output 
signals and the imaginary-part output signals of the 
other IFFT section or sections pass through the related 
polarity control circuits without undergoing any polarity 
changes. The execution of the polarity changes pre- 
vents the actual instantaneous peak power of the 
OFDM signal (the IF OFDM signal or the RF OFDM sig- 
nal) from exceeding the reference power. 

For example, in the case where the estimated peak 
power is equal to or higher than the reference power, 
detection is made as to which of the real-part output sig- 
nals and the imaginary-part output signals of the IFFT 
sections in the IFFT circuit 133 are a predominant 
cause of the estimated peak power (a predominant 
component of the estimated peak power). One of the 
polarity control circuits 142, 143, 144, and 145, which 
relates to the predominant-cause IFFT output signals, 
does not change the predominant-cause IFFT output 
signals. The other polarity control circuits change or 
invert the polarities of the real-part output signal and the 
imaginary-part output signal of the related IFFT sec- 
tions. 

A second example of the data polarity deciding cir- 
cuit 141 operates as follows. The data polarity deciding 
circuit 141 monitors the detected peak powers repre- 
sented by the output signals of the peak detectors 137, 
138, 139, and 140. The data polarity deciding circuit 
141 compares the detected peak powers with a prede- 
termined reference power. The data polarity deciding 
circuit 141 generates the control signals for the polarity 
control circuits 142, 143, 144, and 145 in response to 
the result of the comparisons between the detected 
peak powers and the reference power. Also, the data 
polarity deciding circuit 141 determines the states of the 
control signals for the polarity control circuits 142, 143, 
144, and 145 in response to the information of the 
detected polarities and the information of the detected 
time positions of the peak powers which are fed from the 
peak detectors 137, 138, 139, and 140. The data polar- 
ity deciding circuit 141 outputs the generated control 
signals to the polarity control circuits 142, 143, 144, and 
145 respectively. 

The control signals outputted from the second 
example of the data polarity deciding circuit 141 to the 
polarity control circuits 142, 143, 144, and 145 are 
designed to enable the following processes. In the case 
where one of the detected peak powers exceeds the ref- 
erence power while the other detected peak powers do 
not exceed the reference power, at least one of the 
polarity control circuits which relate to the latter 
detected peak powers is activated to execute polarity 
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changes. The execution of the polarity changes results 
in cancellation of at least part of the great peak power. 

Information of the polarity changes is transmitted by 
a specified carrier or specified carriers selected out of 
257 carriers in the OFDM signal. A fixed signal corre- 
sponding to a voltage of "0" is applied to a pair of a real- 
part input terminal and an imaginary-part input terminal 
of the IFFT circuit 133 which correspond to the specified 
carrier or each of the specified carriers. The application 
10 of the fixed signal of "0" to the IFFT circuit 133 nullifies 
the specified carrier or carriers in respect of the output 
signals of the IFFT circuit 133. The nullification of the 
specified carrier or carriers provides a corresponding 
carrier hole or corresponding carrier holes. The control 
is signals for the polarity control circuits 142, 143, 144, 
and 145 are fed from the data polarity deciding circuit 
141 to the IFFT circuit 134 as the information of the 
polarity changes. The IFFT circuit 134 operates in 
response to the sample clock signal (the sample sync 
20 signal) and the symbol clock signal (the symbol sync 
signal) fed from the sample sync circuit 135 and the 
symbol sync circuit 1 36. Since the IFFT circuits 1 33 and 
134 are driven by the common sample clock signal and 
the common symbol clock signal, the output signals of 
25 the IFFT circuit 134 are synchronous with the output 
signals of the IFFT circuit 133. The operation of the 
IFFT circuit 134 corresponds to subjecting the specified 
carrier or carriers to modulation (for example, QAM) 
responsive to the information of the polarity changes. 
30 The IFFT circuit 134 generates the modulation-resultant 
signals, and combines the modulation-resultant signals 
into a multiplexing-result signal of the real part and a 
multiplexing-resultant signal of the imaginary part. The 
IFFT circuit 134 outputs the multiplexing-resultant sig- 
35 nals of the real part and the imaginary part to the adding 
circuit 146. 

According to a first example of the modulation 
implemented by the IFFT circuit 134, four specified car- 
riers are assigned to the information of the polarity 
40 changes by the polarity control circuit 142, the informa- 
tion of the polarity changes by the polarity control circuit 
143, the information of the polarity changes by the 
polarity control circuit 144, and the information of the 
polarity changes by the polarity control circuit 145, 
45 respectively. According to a second example of the 
modulation implemented by the IFFT circuit 134, a first 
specified carrier is assigned to the information of the 
polarity changes by the polarity control circuit 142 and 
the information of the polarity changes by the polarity 
so control circuit 143 while a second specified carrier is 
assigned to the information of the polarity changes by 
the polarity control circuit 144 and the information of the 
polarity changes by the polarity control circuit 145. A 
third example of the modulation implemented by the 
55 IFFT circuit 1 34 is 1 6 QAM. According to the third exam- 
ple, the polarity-change information fed from the data 
polarity deciding circuit 141 is handled by the IFFT cir- 
cuit 134 as a 4-bit modulating signal, and one specified 
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carrier is modulated in accordance with the 4-bit modu- 
lating signal. 

Regarding IFFT generating 257 carries in a fre- 
quency band of 99 kHz, the effective symbol interval is 
equal to about 2.6 msec (= 256/99,000). For every sym- 5 
bol. the IFFT circuit 133 completes the IFFT processes 
in about 2 msec. For every symbol, the peak detectors 
1 37, 1 38, 1 39, and 1 40, the data polarity deciding circuit 
141, the polarity control circuits 142, 143, 144, and 145. 
and the IFFT circuit 134 complete their target opera- 10 
tions in about 0.5 msec. Accordingly, in every symbol 
interval, the signals outputted to the adding circuit 146 
from the IFFT circuit 134 are available which relate to 
the symbol same as the symbol of the signals currently 
outputted to the adding circuit 146 from the polarity con- 15 
trol circuits 142, 143, 144, and 145. In addition, the out- 
put signals of the IFFT circuit 134 are orthogonal with 
respect to the output signals of the IFFT circuit 133. 

The IFFT circuit 134 may include a ROM having 16 
storage areas which store respective information pieces 20 
each representative of a set of IFFT signals. The 
addresses of the 16 storage segments are assigned to 
16 different states of the 4-bit polarity-change informa- 
tion fed from the data polarity deciding circuit 141 
respectively. The 4-bit polarity-change information is 25 
applied to the ROM as an address signal, and the infor- 
mation piece of IFFT signals is read out from the stor- 
age area of the ROM which corresponds to the address 
signal. The readout information piece of IFFT signals is 
transmitted to the adding circuit 1 46 as output signals of 30 
the IFFT circuit 134. 

In the case where output signals of the IFFT circuit 
1 34 are periodical, the wholes of the output signals can 
be generated from only information corresponding to at 
least parts of the output signals. In this case, it is prefer- 35 
able that the ROM stores information pieces corre- 
sponding to parts of output signals. In the case where 
the phases of output signals of the IFFT circuit 134 are 
different, it is preferable to adjust the timing of reading 
out an information piece from the ROM. In the case 40 
where output signals of the IFFT circuit 134 are similar 
except for amplitude, it is preferable to use a fixed -level 
attenuator which processes an information piece read 
out from the ROM. 

The peak detectors 137, 138, 139, and 140 may be 45 
replaced by power/polarity detectors respectively. In this 
case, each of the power/polarity detectors derives infor- 
mation of the instantaneous power and information of 
the instantaneous polarity of the resultant of the real- 
part output signal and the imaginary-part output signal so 
of the related IFFT section in the IFFT circuit 133. Each 
of the power/polarity detectors outputs the power infor- 
mation and the polarity information to the data polarity 
deciding circuit 141. The data polarity deciding circuit 
141 estimates or predicts the instantaneous power of 55 
the OFDM signal (the IF OFDM signal or the RF OFDM 
signal) in response to the power information and the 
polarity information fed from the power/polarity detec- 
tors. The data polarity deciding circuit 141 compares the 



estimated power with a predetermined reference power. 
The data polarity deciding circuit 141 generates the 
control signals for the polarity control circuits 142, 143, 
144, and 145 in response to the result of the compari- 
son between the estimated power and the reference 
power. The control signals for the polarity control cir- 
cuits 142, 143, 144, and 145 are designed so that the 
actual power of the OFDM signal will not exceed the ref- 
erence power (the IF OFDM signal or the RF OFDM sig- 
nal). 

Fifth Embodiment 

Fig. 1 1 shows an OFDM signal decoding apparatus 
(an OFDM signal demodulating apparatus) according to 
a fifth embodiment of this invention. The OFDM signal 
decoding apparatus of Fig. 1 1 can handle an OFDM sig- 
nal generated by a signal transmitter including the 
OFDM signal generating apparatus of Fig. 10. The 
OFDM signal decoding apparatus of Fig. 11 can be 
used as the combination of the quadrature demodulator 
16, the LPF 21 , the A/D converter 22, the guard interval 
processing circuit 25, and the FFT QAM decoding cir- 
cuit 26 in Fig. 3. 

The OFDM signal decoding apparatus of Fig. 1 1 
includes a quadrature demodulator 151 A, an LPF 151 B. 
an A/D converter 151C. a guard interval processing cir- 
cuit 1 51 D. FFT circuits 1 52 and 1 53. and polarity correc- 
tion circuits 154, 155, 156, and 157. 

An IF OFDM signal (or an RF OFDM signal) is 
inputted into the quadrature demodulator 151 A. The 
quadrature demodulator 151 A is sequentially followed 
by the LPF 151B, the A/D converter 151C, and the 
guard interval processing circuit 151D. The quadrature 
demodulator 151 A, the LPF 151 B, the A/D converter 
151C, and the guard interval processing circuit 151D 
are similar to the quadrature demodulator 16, the LPF 
21, the A/D converter 22, and the guard interval 
processing circuit 25 in Fig. 3 respectively. The real-part 
and imaginary-part output terminals of the guard inter- 
val processing circuit 151D are connected to real-part 
and imaginary input terminals of the FFT circuit 152 
respectively. Also, the real-part and imaginary-part out- 
put terminals of the guard interval processing circuit 
151 D are connected to real-part and imaginary input 
terminals of the FFT circuit 153 respectively. The FFT 
circuit 152 has four output terminals connected to the 
input terminals of the polarity correction circuits 154, 

155, 156, and 157 respectively. The FFT circuit 153 has 
four 1 -bit output terminals (or one 4-bit output terminal) 
connected to control terminals of the polarity correction 
circuits 154, 155. 156, and 157 respectively. The output 
terminals of the polarity correction circuits 154, 155, 

156. and 157 lead to a later-stage (not shown). 

As previously described, the IF OFDM signal is 
inputted into the quadrature demodulator 151 A. In 
response to a pair of quadrature local oscillator signals, 
the IF OFDM signal is demodulated by the quadrature 
demodulator 151 A into baseband signals correspond- 
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ing to a real part and an imaginary part (an I signal and 
a Q signal) respectively. The real-part and imaginary- 
part output signals of the quadrature demodulator 1 51 A 
are sequentially processed by the LPF 151B, the A/D 
converter 151C, and the guard interval processing cir- 
cuit 151 D. The operation of the LPF 151 B is similar to 
the operation of the LPF 21 in Fig. 3. The operation of 
the A/D converter 1 51 C is similar to the operation of the 
A/D converter 22 in Fig. 3. The operation of the guard 
interval processing circuit 151 D is similar to the opera- 
tion of the guard interval processing circuit 25 in Fig. 3. 

Real-part and imaginary-part output signals of the 
guard interval processing circuit 151D are fed to the 
FFT circuits 152 and 153. The FFT circuit 152 subjects 
the output signals of the guard interval processing cir- 
cuit 151D to processing which corresponds to complex 
fast Fourier transform. According to the complex fast 
Fourier transform processing, the FFT circuit 152 recov- 
ers information pieces transmitted by carriers in a first 
group, information pieces transmitted by carriers in a 
second group, information pieces transmitted by carri- 
ers in a third group, and information pieces transmitted 
by carriers in a fourth group. The recovered information 
pieces corresponding to the first carrier group are fed 
from the FFT circuit 152 to the polarity correction circuit 
154. The recovered information pieces corresponding 
to the second carrier group are fed from the FFT circuit 
152 to the polarity correction circuit 155. The recovered 
information pieces corresponding to the third carrier 
group are fed from the FFT circuit 152 to the polarity 
correction circuit 156. The recovered information pieces 
corresponding to the fourth carrier group are fed from 
the FFT circuit 152 to the polarity correction circuit 157. 

The FFT circuit 153 subjects the output signals of 
the guard interval processing circuit 151D to processing 
which corresponds to complex fast Fourier transform. 
According to the complex fast Fourier transform 
processing, the FFT circuit 153 recovers 4-bit polarity- 
change information transmitted by a specified carrier or 
carriers. The bits of the recovered polarity-change infor- 
mation are fed from the FFT circuit 153 to the polarity 
correction circuits 154, 155, 156, and 157 as control sig- 
nals respectively. 

The polarity correction circuit 154 selectively 
changes or inverts the polarities of the first-carrier- 
group information pieces in response to the control sig- 
nal fed from the IFFT circuit 153. This polarity change 
enables the recovery of the original information pieces. 
The polarity correction circuit 154 outputs the resultant 
information pieces. The polarity correction circuit 155 
selectively changes or inverts the polarities of the sec- 
ond-carrier-group information pieces in response to the 
control signal fed from the IFFT circuit 153. This polarity 
change enables the recovery of the original information 
pieces. The polarity correction circuit 155 outputs the 
resultant information pieces. The polarity correction cir- 
cuit 156 selectively changes or inverts the polarities of 
the third-carrier-group information pieces in response to 
the control signal fed from the IFFT circuit 153. This 



polarity change enables the recovery of the original 
information pieces. The polarity correction circuit 156 
outputs the resultant information pieces. The polarity 
correction circuit 157 selectively changes or inverts the 
5 polarities of the fourth-carrier-group information pieces 
in response to the control signal fed from the IFFT cir- 
cuit 153. This polarity change enables the recovery of 
the original information pieces. The polarity correction 
circuit 157 outputs the resultant information pieces. 
10 in a transmitter side, words of a Gray code may be 
assigned to different levels of a QAM signal point 
respectively. For example, a Gray-code word "0100" is 
assigned to a signal point level of "+8". A Gray-code 
word "0101" is assigned to a signal point level of "+7". A 
is Gray-code word "0111" is assigned to a signal point 
level of "+6". A Gray-code word "0110" is assigned to a 
signal point level of "+5". A Gray -code word "0010" is 
assigned to a signal point level of "+4". A Gray-code 
word "001 1 " is assigned to a signal point level of "+3". A 
20 Gray-code word "0001" is assigned to a signal point 
level of "+2". A Gray-code word "0000" is assigned to a 
signal point level of "+1". A Gray-code word "1000" is 
assigned to a signal point level of " — 1". A Gray-code 
word "1001" is assigned to a signal point level of "— 2". 
25 A Gray-code word "1011 " is assigned to a signal point 
level of "—3". A Gray-code word "1010" is assigned to a 
signal point level of "—4". A Gray-code word "1110" is 
assigned to a signal point level of "—5". A Gray-code 
word "1111 " is assigned to a signal point level of "—6". 
30 A Gray-code word "1101" is assigned to a signal point 
level of "—7". A Gray-code word "1 100" is assigned to a 
signal point level of "--8". In this case, an inversion of 
every signal point level is generated by inverting only 
the highest bit (MSB) of a related Gray-code word. Each 
35 of the polarity correction circuits 1 54, 155, 1 56, and 1 57 
may have a conversion table in which signal points sym- 
metrical with respect to the origin of a 256 QAM signal 
point arrangement are defined as digital data values. In 
this case, each of the polarity correction circuits 154, 
40 155, 156, and 157 executes the polarity control in 
response to the polarity-change information piece by 
referring to the conversion table. 

Sixth Embodiment 

45 

Fig. 12 shows a sixth embodiment of this invention 
which is similar to the embodiment of Fig. 1 1 except that 
an FFT circuit 161 replaces the FFT circuits 152 and 
153 in Fig. 1 1. The FFT circuit 161 in Fig. 12 is designed 
so as a combination of the FFT circuits 1 52 and 1 53 in Fig 
11. 

A frequency division multiplexed signal generating 
apparatus includes a distributor separating digital infor- 
mation signals into plural groups. Plural operation cir- 
55 cuits convert the plural groups of the digital information 
signals into plural frequency division multiplexed sig- 
nals, respectively. Plural peak detecting circuits detect 
peak powers of the plural frequency division multiplexed 
signals, respectively. Detection is made as to whether or 
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not the detected peak powers are lower than a threshold 
power. In cases where at least one of the detected peak 
powers is equal to or higher than the threshold power, at 
least one of polarities of the plural frequency division 
multiplexed signals is controlled in a direction of cance- 5 
ling the peak power being equal to or higher than the 
given power. An adding circuit combines the plural fre- 
quency division multiplexed signals into a final fre- 
quency division multiplexed signal. 

10 

Claims 

1 . A frequency division multiplexed signal generating 
apparatus comprising: 

15 

a distributor separating digital information sig- 
nals into plural groups; 

plural operation circuits converting the plural 
groups of the digital information signals into 
plural frequency division multiplexed signals, 20 
respectively; 

plural peak detecting circuits detecting peak 
powers of the plural frequency division multi- 
plexed signals, respectively; 
polarity control means for detecting whether or 25 
not the detected peak powers are lower than a 
threshold power, and for. in cases where at 
least one of the detected peak powers is equal 
to or higher than the threshold power, control- 
ling at least one of polarities of the plural fre- 30 
quency division multiplexed signals in a 
direction of canceling the peak power being 
equal to or higher than the given power; and 
an adding circuit combining the plural fre- 
quency division multiplexed signals into a final 35 
frequency division multiplexed signal. 

2. The frequency division multiplexed signal generat- 
ing apparatus of claim 1, wherein the plural opera- 
tion circuits comprise means for subjecting the 40 
plural groups of the digital information signals to 
inverse fast Fourier transform to generate the plural 
frequency division multiplexed signals, and the final 
frequency division multiplexed signal is an orthogo- 
nal frequency division multiplexed signal. 45 

3. A frequency division multiplexed signal generating 
apparatus comprising: 

a distributor separating digital information sig- so 
nals into plural groups; 

plural operation circuits converting the plural 
groups of the digital information signals into 
plural frequency division multiplexed signals, 
respectively; 55 
plural peak detecting circuits detecting peak 
powers and peak-power time positions of the 
plural frequency division multiplexed signals, 
respectively, the peak detecting circuits output- 



ting signals representing the detected peak 
powers and the detected peak-power time 
positions; 

polarity control means for detecting whether or 
not the detected peak powers are lower than a 
given power, and for, in cases where at least 
one of the detected peak powers is equal to or 
higher than the given power, controlling at least 
one of polarities of the plural frequency division 
multiplexed signals in response to the output 
signals of the peak detecting circuits in a direc- 
tion of canceling the peak power being equal to 
or higher than the given power; and 
an adding circuit combining the plural fre- 
quency division multiplexed signals into a final 
frequency division multiplexed signal. 

4. The frequency division multiplexed signal generat- 
ing apparatus of claim 3, wherein the plural opera- 
tion circuits comprise means for subjecting the 
plural groups of the digital information signals to 
inverse fast Fourier transform to generate the plural 
frequency division multiplexed signals, and the final 
frequency division multiplexed signal is an orthogo- 
nal frequency division multiplexed signal. 

5. The frequency division multiplexed signal generat- 
ing apparatus of claim 1 , further comprising means 
for generating information of the controlling by the 
polarity control means, and means for converting 
the information into a polarity-control-information 
signal having a frequency within a frequency band 
of the plural frequency division multiplexed signals, 
the adding circuit combining the plural frequency 
division multiplexed signals and the polarity-control- 
information signal into the final frequency division 
multiplexed signal. 

6. The frequency division multiplexed signal generat- 
ing apparatus of claim 3, further comprising means 
for generating information of the controlling by the 
polarity control means, and means for converting 
the information into a polarity-control-information 
signal having a frequency within a frequency band 
of the plural frequency division multiplexed signals, 
the adding circuit combining the plural frequency 
division multiplexed signals and the polarity-control- 
information signal into the final frequency division 
multiplexed signal. 

7. A frequency division multiplexed signal generating 
apparatus comprising: 

a first operation circuit converting plural groups 
of digital information signals into plural groups 
of frequency division multiplexed signals, 
respectively; 

plural peak detecting circuits detecting peak 
powers and peak-power time positions of the 
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groups of the frequency division multiplexed 
signals, respectively, the peak detecting cir- 
cuits outputting signals representing the 
detected peak powers and the detected peak- 
power time positions; 5 
polarity control means for detecting whether or 
not the detected peak powers are lower than a 
given power, for, in cases where at least one of 
the detected peak powers is equal to or higher 
than the given power, controlling at least one of 10 
polarities of the frequency division multiplexed 
signals in response to the output signals of the 
peak detecting circuits in a direction of cance- 
ling the peak power being equal to or higher 
than the given power, and for generating infor- 15 
mation of said controlling; 
a second operation circuit converting the infor- 
mation generated by the polarity control means 
into a polarity-control-information signal having 
a frequency within a frequency band of the f re- 20 
quency division multiplexed signals; and 
an adding circuit combining the frequency divi- 
sion multiplexed signals and the polarity-con- 
trol-infbrmation signal. 

25 

8. The frequency division multiplexed signal generat- 
ing apparatus of claim 7, wherein the first operation 
circuit sets a carrier hole in the frequency band of 
the frequency division multiplexed signals, and the 
second operation circuit comprises means for gen- 30 
erating a carrier at a frequency position corre- 
sponding to the carrier hole and means for 
modulating the carrier into the polarity-control-infor- 
mation signal in accordance with the information 
generated by the polarity control means. 35 



9. 



The frequency division multiplexed signal generat- 
ing apparatus of claim 8, wherein the carrier gener- 
ated by the second operation circuit is synchronous 
with the frequency division multiplexed signals out- 40 
putted from the first operation circuit, and the polar- 
ity-control-information signal is outputted from the 
second operation circuit at a timing same as a tim- 
ing of outputting of the frequency division multi- 
plexed signals from the first operation circuit. 45 



10. The frequency division multiplexed signal generat- 
ing apparatus of claim 7, wherein the first operation 
circuit subjects the groups of the digital information 
signals to discrete Fourier transform to generate so 
the frequency division multiplexed signals for a 
symbol interval, and the second operation circuit 
subjects the information generated by the polarity 
control means to discrete Fourier transform to gen- 
erate the polarity-control-information signal for a 55 
symbol interval same as said symbol interval. 

1 1 . A decoding apparatus for a frequency division mul- 
tiplexed signal containing main information and sub 



information, the sub information including informa- 
tion of polarity control, the apparatus comprising: 

an operation circuit subjecting a frequency divi- 
sion multiplexed signal to Fourier transform to 
convert the frequency division multiplexed sig- 
nal into a set of first decoding-resultant signals 
representing main-information pieces and at 
least one second decoding-resultant signal 
representing information of polarity control; 
and 

a polarity correction circuit controlling at least 
one of polarities of the first decoding-resultant 
signals in response to the polarity-control infor- 
mation represented by the second decoding- 
resultant signal. 

12. The decoding apparatus of claim 11, wherein the 
polarity correction circuit comprises a memory hav- 
ing a conversion table providing a relation between 
polarity-control resultant signals and the polarity- 
control information, and means for controlling at 
least one of polarities of the first decoding-resultant 
signals in response to the polarity-control informa- 
tion by referring to the conversion table. 

13. An apparatus comprising: 

first means for subjecting information pieces to 
inverse fast Fourier transform to convert the 
information pieces to respective first conver- 
sion-resultant signals; 

second means for predicting a power of an 
assumed frequency division multiplexed signal 
from the first conversion-resultant signals, the 
assumed frequency division multiplexed signal 
originating from the first conversion-resultant 
signals; 

third means for controlling at least one of polar- 
ities of the first conversion-resultant signals in 
response to the power predicted by the second 
means to convert the first conversion-resultant 
signals into second conversion-resultant sig- 
nals; and 

fourth means for generating an actual fre- 
quency division multiplexed signal in response 
to the second conversion-resultant signals. 

14. The apparatus of claim 13, further comprising fifth 
means for generating a signal representing infor- 
mation of said controlling by the third means. 

15. An apparatus for a frequency division multiplexed 
signal containing main information and sub infor- 
mation, the sub information including information of 
polarity control, the apparatus comprising: 

first means for subjecting a frequency division 
multiplexed signal to Fourier transform to con- 
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vert the frequency division multiplexed signal 
into a set of first decoding -resultant signals rep- 
resenting main-information pieces and at least 
one second decoding- resultant signal repre- 
senting information of polarity control; and 5 
second means for controlling at least one of 
polarities of the first decoding-resultant signals 
in response to the polarity-control information 
represented by the second decoding-resurtant 
signal 10 
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